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"This  investigation  caviewad  litaratura  fron  a  variety 
of  sources  pertaining  to  coaputar-assisted  Instruction  (CAI) 
for  ti#o  purposes.  The  first  purpose  was  to  coapile  inforsa- 
tion  about  CAI  into  a  single  condensed  source  for  use  by  Air 
Force  Civil  Ingineerlng  educational  prograaaers  and  aana- 
gers.  The  second  purpose  was  to  exaaine  and  present 
inforaation  pertinent  to  the  application  of  CAI  to  Air  Force 
Civil  Ingineering. 

'  The  first  section  introduced  such  subjects  areas  as  CAI 
terainology,  definitions,  instructional  aethodology  choice 
considerations,  courseware  developasnt,  CAI  delivery  aechan- 
Ics,  and  CAI  applications.  CAI  has  been  used  to  provide 
instruction  by  aeans  thot  soae  have  labeled  inforaation  CAI, 
dr ill-and-praettce  CAI,  tutorial  CAI,  slaulation  CAI, 
inquiry  CAI,  and  intelligent  CAI. 

?  The  next  section  covered  tdiat  the  literature  indicates 
about  the  educational  iapact  of  CAI.  This  section  presents 
what  the  literature  has  to  say  about  the  effects  of  CAI  on 
student  achieveaent,  the  effects  of  CAI  on  instructional 
tiae,  the  cost*ef fectiveness  of  CAI,  and  the  hardware  and 
software  tools  necessary  for  the  educator  who  is  contea* 
plating  CAI  lesson  developasnt.  -  The  literature  indicates 
that  CAI  results  in  student  achieveaent  at  least  equal  to 


that  of  traditional  instruction.  Horaovar,  instructional 
tisM  has  baan  widaly  raportad  to  ba  dacraasad  by  tha  usa  of 
CAJ,  although  soaa  axparts  faal  this  is  Mostly  a  rasult  of 
tha  individual izad  Instructional  anvironswnt  which  CAI 
offars  studants.  With  ragard  to  tha  cost  af factivanass  of 
CAI,  tha  litaratura  contains  faw  good  cost  analysas  froai 
«diich  conclusions  can  ba  dra%m. 

V 

Tha  final  saction  covarad  tha  applications  of  CAI  to 
Air  Pores  Civil  Inglnaaring  instructional  raquirsMants. 
Actual  raportad  CAI  applications  siailar  to  Civil  Inginaar- 
ing  instructional  raqulraaMnts  wars  prasantad.  Such  appli¬ 
cations  includa  aqulpawnt  siaulators  for  training  purposes 
and  tutorial  and  drill  and  practica  for  anginaaring  funda- 
a«ntals  raviav. -  Additionally,  a  Modal  of  tha  dacision 
procass  to  adopt  CAI  as  an  instructional  Methodology  was 
forMulatad.  This  Modal  provides,  in  a  broad  sansa,  a  guide 
to  deteraine  if  CAI  is  the  bast  Instructional  Method  to  aeet 
given  instructions^  raqulraMsnts.  Finally,  a  coaparison  was 
Made  of  tha  hardwaija  and  software  altarnativas  presently 

available  to  tha  Civil  Inglnaaring  lesson  developer  or 

1 

prograaaar. 
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COIffUm- ASSISTED  INSTRUCTION  AND  ITS  APPLICABILITY  TO 
AIR  FORCE  CIVIL  BNGINBERINC 


Introduction 


ovrvlev 

This  chapter  presents  the  purpose  and  the  justifica¬ 
tion  for  this  research  project,  introduces  the  investiga¬ 
tive  questions,  presents  the  limitations  of  the  study,  and 
specifies  the  expected  objective. 


lll£  Purpose  ^  Study 

This  research  effort  reviewed  current  and  past  work 
and  literature  pertaining  to  computer-assisted  instruction 
(CAI)  for  two  purposes.  The  first  purpose,  simply  stated, 
was  to  compile  information  about  CAI  into  a  single  source 
for  reference  purposes.  The  second  purpose  was  to  study 
current  CAI  technology  in  order  to  determine  the 
suitability  of  CAI  to  Air  Force  Civil  Engineering. 

Bichaifttfnd 

CAI,  as  defined  in  Webster's  Ne%rWorld  Dictionary  of 
Computer  Terms,  is 

the  use  of  a  computer  to  provide  educational 
exercises,  such  as  drills,  practice  sessio..s,  and 
tutorial  lessons,  for  a  student:  a  terminal  is  used 
to  respond  to  exercises  that  have  been  programmed  to 
assist  students  at  their  individual  level  of  ability 
and  speed  of  learning  (131. 


Soi 


such  as  George  Leonard,  say  "Interaction  is  the 


absolute  essence  in  learning*  (77)  and  since  CAI  is,  by 
design,  interactive,  it  clearly  has  potential  in  an  educa¬ 
tional  setting.  Just  what  that  potential  aay  be  for  Air 
Force  Civil  Engineering  will  ultiaately  be  decided  by 
trainers,  educators,  educational  prograssMrs,  and  leaders 
%iho  have  the  knowledge  of  Civil  Engineering's  requireawnts 
and  the  imagination  of  how  they  can  be  met  by  CAI.  A 
prerequisite  to  being  able  to  apply  CAI  to  any  require¬ 
ments  is  an  understanding  of  CAI. 

Justification 

The  scope  of  the  Civil  Englneexing  training  and 
educational  mission  is  not  a  small  one.  In  Fiscal  Year 
1986  (FY86),  the  AFIT  School  of^  Civil  Engineering  and 
Services  provided  instruction  to  2,356  students  (mostly 
officers,  civilians,  and  senior  NCOs)  by  way  of  105  course 
offerings.  These  courses  ranged  from  one  to  four  «feeks 
long  and  covered  34  diverse  topics  ranging  from  Housing 
Management  Applications  to  Heating,  Ventilating,  and  Air 
Conditioning  Design  (3).  In  FY86,  training  for  the  18 
Civil  Engineering  enlisted  specialties  was  provided  by  the 
Sheppard,  Chanute,  Loirry,  and  Fort  Leonard  Wood  training 
sites  which  trained  over  9,100  personnel  by  way  of  95 
course  offerings  In  various  Civil  Engineering  technical 
fields  (1).  Projections  for  FY87  estimate  technical 
training  quotas  to  reach  nearly  11,000  students  (1).  The 


iMIftH  •<  tHiS  t«ClMieal  WUiM  fCMi  <MM  WMlI  i  tOt 

MM  •!  tiM  specialty  cmtsm)  to  •I«v«ii  w—km 

(f«r  MM  mi  tkm  PmIc  appcMtic*  i«v«l  comms)  aad 
MVMS  Meii  vkkimctm  m  pImPIm#  •laetrlcal  wiciiif, 
fv«#«etlMi  coatx«l  (aaMflaf  wMitfoceM)#  Mi  iMSvy  sMip* 
mmmk  9§mKmkimtm  (It). 

ta  tiM  paiaata  aactac,  Ckt  la  Miaf  aaad  to  provldo 
traiaiaf  aai  ali  la  aaiagpaaiaata  lava!  aiacatioa  (2t). 

Paa  Ala  Paaea  Civil  PafiM^tiat^  CAI  aay  hold  potantial  for 
aiakilar  aiacatioMl  applicatioM.  Par  iMtaaca,  CAI  My 
Mva  a  OM  at  tta  traialaf  laval  far  tM  toM  Civil 
Bafiaaariaf  craftaaM,  ar  at  tiM  aaiarpraiMta  laval  for 
tiM  Civil  PaftMMriaf  Officar  aai  Saaiar  POO  (aon-coania- 
aioaad  officar ) . 

Oivaa  tlM  Mpaitaia  af  Civil  ■a«iaMriap*a  traiaia^ 
aai  oiaeatiaMl  rapa^gt— »ta.  My  iMtraetiaMl  Mthad  that 
caa  Maist  thia  pracaM  iaMrvaa  Mtioaa  coaaldaration.  To 
that  aai,  tha  Air  Porca  Civil  PapiaMriap  aai  tarvicaa 
Oaatar  (APMC)  la  iavalopiay  a  ^ototypa  traiaiap  packapa 
to  taat  tha  appllcatioa  of  CAl  at  tha  traiainp  laval  (•). 
hhaa  iatarviaaai,  tM  i^olact  officara  for  tM  aMva  taata 
aapraaaai  a  aaai  far  a  aiafla,  caapraMMiva  aoarca  of 
lafarMtioa  partaiaiaf  to  CAI  (3t,  54).  Thia  tMaia  la 
BOMt  to  fill  tMt  rapai*MM*t  aai  aiiraaa  otMr  iaauaa 
portiMat  to  CAI  aa  it  My  M  appliai  to  Air  Porca  Civil 
lafiaMrlaf . 

Xa  thia  ataiy,  aMvara  to  qMatioM  about  CAI  ara 


or^iaiB*^  and  pr«««Bt«d  in  anqimncn  starting  with 
basic  introductory  questions  and  andlnq  with  quest ions 
about  possiblo  Civil  InqiBaarinq  applications.  Thus,  this 
thesis  should  provide  a  ready  reference  source  or  tutorial 
for  those  individuals  %ilio  have  a  need  or  desire  to  becosw 
fasiiliar  with  ChZ  either  for  aission  reasons  or  for 
professional  developsant.  Moreover,  this  work  any  have 
utility  outside  of  the  Civil  Inqineerinq  career  field  to 
other  Air  Force  specialties  investigating  the  possibilities 
of  CAI. 

Paaearch  QpatgtiYti 

As  aentioned  previously,  this  research  effort  set  out 
to  gather  and  present  in  a  logical  asnner  relevant  inforsa- 
tion  pertaining  to  CAI.  "Relevant  inforaation"  is  defined 
here  as  that  inforastion  that  is  useful  to  the  Air  Force 
Civil  Engineer ing  trainer,  educator,  and  educational  pro- 
graaaer.  The  end  objective  wes  to  furnish  a  docuaent 
useful  to  educate  those  unfaailiar  with  CAI  and  provide  a 
ready  reference  source  for  those  generally  faailiar  with 
CAI  but  needing  specific  inforastion  in  selected  areas. 


Tcmg  mg  rrw'Fmg  rTTT 


The  investigative  questions  to  be  answered  «iere 
placed  into  th..ee  categories:  introductory  questions, 
questions  about  the  educational  iapact  of  CAI,  and 
questions  about  the  application  of  CAI  to  Air  Force  Civil 
Bngineering.  Chapter  three  contains  ans%rers  to  the  intro- 


dactosy  questions,  which  provide  the  reader  with  the 
basics  of  CAI :  what  it  is  and  how  it  is  used.  Those 
questions  are: 

Question  1.  What  are  the  various  tera»,  and  their 
definitions,  currently  used  by  researchers  and  experts  to 
discuss  the  use  of  coaputers  to  provide  education  or 
training? 

Question  2.  What  is  the  process  of  developing  and 
using  coaputer  soft%«are  to  aid  education  and  training? 

Question  3.  What  are  the  various  isethodologies  of 
using  coaputers  to  aid  instruction? 

Chapter  four  contains  answers  to  the  educational 
iapact  questions  which  provide  the  reader  with  insight  into 
the  effectiveness  of  CAI  and  the  tools  necessary  to  use 
CAI.  Those  questions  are: 

Question  4.  What  does  current  research  indicate  about 
the  educational  effectiveness  of  CAI  versus  traditional 
classrooa  instructional  methods? 

Question  5.  What  does  current  research  indicate  about 
the  cost  effectiveness  of  CAI  versus  other  instructional 
aethods? 

Question  6.  What  general  types  of  computer  hardware 
and  software  are  available  to  build  CAI  lessons? 

Chapter  five  contains  answers  to  questions  about  the 
application  of  CAI  to  Civil  Engineering.  This  chapter 
provides  the  reader  with  an  idea  of  the  range  of  CAI 
applications  available  to  the  Civil  Engineering  trainer  and 
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•ducator  and  tha  affactlvanaaa  of  soaa  of  tha  tools  ha  or 
aha  haa  to  vork  with.  Spacif Ically,  thoaa  quaatlona  ara: 

Quaatlon  7.  How  haa  CAl  baan  uaad  by  othara  to  aaat 
spaclfic  training  and  aducatlonal  raqulraaants  slallar  to 
thoaa  of  Air  Forca  Civil  Inginaarlnq? 

Quaatlon  6.  Miat  la  tha  atap-by-atap  procaaa  by  «fhlch 
a  spaclfic  Civil  Bnginaaring  lasson  would  ba  avaluatad  for 
CAI  devalopaMnt? 

Question  9.  How  does  tha  "Yang  V8"  coaiputar  systaai, 
baing  Installad  In  Civil  Bnginaaring  units  as  Vork  InfocsM- 
tion  Management  Systems  (VIMS),  in  combination  with  the 
software  available  for  it,  compare  as  a  CAI  device  to  tha 
"Zenith  248"  computer  and  the  softwra  available  for  it? 

Limitations 

This  study,  like  any  study  that  deals  with  computer 
applications,  has  several  limitations.  Tha  first  relates 
to  the  rapid  advances  in  computer  technology  and  capabil¬ 
ity.  Specifically,  anything  said  herein  about  tha  capa¬ 
bilities  and  cost  of  a  particular  computer  system  is 
subject  to  change  at  any  time  as  awnufacturars  improve  and 
upgrade  their  products  and  adjust  their  prices.  Tha  second 
limitation  relates  to  question  seven  regarding  tha  applica¬ 
tion  of  CAI  to  Civil  Bnginaaring.  The  researcher  acknow- 
ladgas  that  tha  applications  identified  ara  not  all  encom¬ 
passing.  Soma  applications  similar  to  tha  requirements  of 
Civil  Bnginaaring  may  not  have  baan  included  either  because 


tlMy  «Mc«  afip«itolish«d  or  putolishcd  In  obncus*  Joucnnia  or 
•K«  yrnnnntly  unAnr  dnvnlopawnt.  Mniieo,  yortlonn  of  this 
rssMceh  should  bo  rood  hooping  curcont  eoa^utor  copoblll 
tloo  ond  oppl  loot  Ions  la  aiiiid. 
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OYlKYity 

Th*  purpose  of  this  chaptsz  is  to  dsscribs  ths  conduct 
of  this  csssscch  sffort  and  to  outlins  ths  stops  tskon  to 
pathor  ths  inforsMtion  prasantad  in  this  thasis. 

Invast  last  iva  flttfitigM 

Tha  invastigativa  quaations,  raquirad  to  ba  answazad 
to  provida  a  docuswnt  capabla  of  aaatinq  tha  objactivo  of 
bainq  an  introduction  to  CAX  and  a  rafaranca  sourca, 
ranqa  froa  tha  alaplast  %rhat-is-it  typa  of  quastion  to  tha 
SMza  spacific  hotr-can-va'Usa-it-in-Civil-Bnginaarinq  typa 
of  quastion.  Nina  invastigativa  quastions  %iara  foraulatad 
and  gzoupad  into  thraa  sactlons:  introductory  quastions, 
quastions  about  tha  aducational  iapact  of  CAX,  and 
quastions  about  spacific  Civil  Bnginaaring  applications. 
Thasa  quastions  vara  prasantad  in  chaptar  ona. 

MstAodolonv 

tinea  tha  goal  of  this  thasis  vns  to  invastigata  past 
and  prasant  vork  and  writings  about  CAX,  tha  logical  nathod 
of  eondueting  this  sffort  vns  through  a  coaiprahansiva 
raviaw  of  raports,  trada  journal  artlclas,  profasslonal 
journal  artlclas,  and  books  on  tha  subjact.  Oonilnovukl 
tacoHBsnds  using  tha  following  prlnclplo  to  conduct  a 
lltaratura  saarcht  "Work  fro*  tha  ganaral  to  tha  spacific  . 
.  .  and  work  backwurds  ovar  tlaw*  (19:J2().  bosilnownkl 


qomB  on  to  expound  on  thlo  by  stating  "Boqln  your  ooorch 
with  tho  Moot  rocontly  published  sources,  you  cen  (then! 
use  the  references  contained  in  those  sources  to  lead  you 
to  earlier  sources”  (19:320.  This  asthodology  wss  used  to 
a  great  extent  in  the  conduct  of  this  research  effort.  In 
addition  to  printed  Mtter,  interviews  were  used  to  gather 
SOM  of  the  inforMtion  presented  in  this  thesis.  Much  of 
the  inforMtion  about  hardware  capability  and  softMre 
availability  for  specific  Civil  Ingineering  uses  com  frosi 
telephone  conversations  with  knowledgable  technicians  and 
experts. 

Index  searches  were  conducted  at  the  Air  Force 
Institute  of  Technology,  Vright  State  University,  and  the 
University  of  Dayton  using: 

1.  Xba  Ail.  University  lAdiaL 

2.  IAa  AiL  University  Abstracts  fil  UlliscA  ilBgltl 

3.  leader *s  fiuldA  iSL  Periodical  faittlitliSt 

XAi.  AfiH  Qaida  to  Literature 

9.  XAi.  HuBBOiAiAl.  index 

6.  XAi.  Social 

7.  XAA  luainaaa  Periodicals  Index 

CAl -related  articles  wore  found  under  such  reference 
headings  as  Coaputer -Aided  Instruction,  Coaputers- 
■ducatioMl  Uses,  and  Coaputers-Training. 

Additionally,  coaputer  indexing  services,  such  as  that 
^ovided  by  DefenM  Technical  InforMtion  Center  (OTIC) 
and  DIALOG,  were  used  to  provide  additional  sources 
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of  InforaAtion.  Koy%M>cds  for  ouch  ooorchoo  included 
*Cof utor-Aoolotod  Instruction*  and  "Coaputors-Bducatlon 
tiaaa*. 

Noraovor,  tho  Hie  (Iducatlonal  Rasoureas  Inforaation 
Cantor)  docuaant  section  of  tho  University  of  Dayton 
provided  access  to  sany  docusMnts  that  would  otharwisa  bo 
difficult  to  obtain. 

Not  all  questions  could  bo  answarsd  by  the  litaraturo. 
Question  seven,  how  has  CAl  been  used  by  others  to  neet 
apaeific  training  and  educational  requirenents  sinilar  to 
those  of  Air  Force  Civil  Inqineerlnq,  required  the  identi¬ 
fication  of  Civil  Inqineerinq's  education  and  training 
roquireaent  prior  to  a  literature  review.  This  was  accon- 
pllshad  through  a  review  of  Civil  Engineering  regulations 
and  policy  letters,  and  by  interviews  with  those  within 
Civil  Engineering  responsible  for  education  and  training 
functions.  Interviews  were  conducted  with  the  training 
officers  at  the  AFEfC  and  with  the  Dean  of  the  AFIT  School 
of  Civil  Engineering  and  Services.  Once  identified,  these 
requlreswnts  were  eatched  with  CAl  applications  found  in 
the  private  sector  or  other  areas  of  tho  govermssnt. 

Additionally,  question  nine,  regarding  the  conparison 
of  the  Vsng  VS  systee  and  the  Sonith  24S  as  CAI  systesw, 
raqnirod  the  use  of  inforastion  fro*  question  six,  which 
rosultod  in  identification  of  types  of  hardware  and  soft- 
tmra  available  to  build  CAl  lessons.  Specifically,  these 
two  systeas  were  coapsred  on:  asswry,  input  options, 
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so£t«Mr«  availability,  softiMre  capability,  interactive 
video  support  capability,  color  capability,  and  costs. 


Ovrviev 

The  purpose  of  this  chapter  Is  to  present  and  examine 
current  and  relevant  literature  relating  to  the  first  three 
investigative  questions  concerning  %rhat  might  be  called 
basic  questions  about  CAl :  simply  put,  what  is  CAI/  how  is 
it  used,  and  ^at  forms  can  it  take?  These  questions  are 
answered  in  sequence. 

Question  1 

What  are  the  various  terms,  and  their  definitions, 
currently  used  by  researchers  and  experts  to  discuss  the  use 
of  computers  to  provide  education  or  training? 

Part  of  the  problem  with  trying  to  discuss  CAI  is 
figuring  out  how  CAX  differs  from  other  terms  used  by  those 
speaking  about  the  use  of  computers  to  provide  or  enhance 
education.  Such  terms  as  CBT  (computer-based  training)  and 
CBI  (computer-based  instruction)  tend  to  confuse  the  issue. 
The  answer  to  this  question  provides  the  terminology  and 
definitions  associated  with  computers  in  education. 

Terminology.  Despite  25  years  of  ongoing  research  on 
the  use  of  computers  to  provide  education  or  training,  the 
terms  used  to  describe  this  subject  still  vary  greatly. 
Parry,  Thorkildsen,  Biery,  and  HacParlane  (Parry  et  al.) 
state  that  "computer-based  instruction”  (CBI)  was  the  swst 
appropriate,  generic  term  to  describe  this  subject,  which 


has  also  been  called  "computer-based  teaching",  "computer- 
augmented  Instruction",  "computer-based  learning", 
"computer-based  training",  "computer-based  instruction"  and 
"cooqputer -enriched  instruction"  (64). 

Ho%wver,  the  consensus  among  the  researchers  and  other 
experts  in  the  field  %feighs  heavily  against  their  choice, 
ffhiie  others  (33,  73)  prefer  the  term  "computer-based 
training"  to  describe  the  use  of  a  computer  in  an  instruc¬ 
tional  setting,  the  favorite  by  far  is  "computer-assisted 
instruction"  (20,  21,  36,  46,  51,  74,  and  83). 

This  fact  is  not  surprising  since  the  term  computer- 
assisted  instruction  best  describes  the  process  that  all 
the  researchers  %rere  studying:  the  use  of  computers  as  an 
educational  tool  to  assist  and  enhance  the  Instructional 
process.  "Computer-based  instruction"  appears  fla%n»d  as  it 
leaves  the  impression  that  computers  form  the  basis  or  heart 
of  instruction,  a  concept  which  even  Parry  et  al.  shun  by 
stressing  that  "highly  touted  innovations...  don't  lessen 
the  teacher's  role"  (64:32).  Moreover,  computer-assisted 
instruction  has  taken  hold  as  a  keyword  in  many  publication 
indexes  and  in  automated  literature  search  services  such  as 
DTIC. 

Besides  computer -ass is ted  instruction  and  the  various 
other  terms  presented,  there  is  one  additional  term  worth 
mentioning.  Computer -managed  instruction  (CMI)  involves  the 


use  of  the  computer  by  the  instructor  to  perform  the 
administrative  and  management  tasks  associated  with  teach- 
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Ing.  This  use  Includes  keeping  track  of  assignments, 
grades,  and  other  management  statistics  and  scheduling 
lessons,  make-up  sessions,  and  quizzes.  Some  researchers 
think  of  computer -managed  instruction  as  a  term  for  the 
broader  application  of  computers  In  education  In  general, 
with  computer-assisted  Instruction  only  a  subset  of  com¬ 
puter-managed  instruction.  Others  think  of  computer -managed 
Instruction  and  computer-assisted  instruction  as  subsets  of 
something  larger  which  some  call  computer-based  training  and 
others  call  computer-based  instruction. 

Definitions.  There  seems  to  exist  almost  as  many 
definitions  of  CAl  as  there  are  authors.  Perhaps  the 
definition  provided  by  Webster's  NewWorld  Dictionary  pl 
Computer  Terms  is  a  good  starting  point.  The  dictionary 
defines  CAI  as 

the  use  of  a  computer  to  provide  educational  exercises, 
such  as  drills,  practice  sessions,  and  tutorial  lessons, 
for  a  student:  a  terminal  is  used  to  respond  to  exer¬ 
cises  that  have  been  programmed  to  assist  students  at 
their  individual  level  of  ability  and  speed  of  learning 
(131. 

This  is  a  some%rhat  simplified  and  limited  definition  of 
CAI.  For  instance,  it  omits  the  use  of  simulations  as  a  CAI 
awthodology.  However,  it  does  convey  the  basic  idea,  the 
use  of  computers  to  aid  the  educational  process.  Another 
definition  is  provided  by  Kemner-Richardson,  Lamos,  and 
Vest.  Their  definition  is  less  specific  but  does  not  limit 
the  possible  applications.  Specifically,  they  define  CAI 
as: 
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The  use  o£  the  comnunication  and  storage  capabilities 
of  a  computer  to  provide  the  direct  presentation  of 
instructional  materials  and/or  provision  of  practice  to 
the  learner  [46:91. 

For  the  purposes  of  this  research,  CAI  and  CHI  were 
thought  of  as  distinct,  though  interfacing,  applications  of 
a  coii4>uter  in  education.  CAI  %«as  used  to  describe  the 
instructional  application  of  computers  and  CMI  was  used  to 
describe  the  managerial  application  of  computers  in  educa¬ 
tion.  The  specific  operating  definition  of  CAI  used 
throughout  this  study  %#as  the  latter  one  presented  above. 
Other  related  terms  and  their  definitions  are  compiled  and 
presented  in  Appendix  A. 

Question  2 

flhat  is  the  process  of  developing  and  using  computer 
software  to  aid  education  and  training? 

To  ans%fer  this  question,  the  researcher  examined  three 
processes:  the  process  leading  to  the  choice  of  CAI  as  an 
instructional  methodology,  the  process  of  courseware  devel- 
opswnt,  and  the  process  of  the  delivery  of  a  generic  CAI 
lesson.  These  are  outlined  below. 

Choosing  4a  Instructional  Methodology.  The  process  of 
choosing  an  instructional  methodology  to  satisfy  a  particu¬ 
lar  training  or  educational  requirement  involves  a  number  of 
considerations  which  include:  identifying  organizational 
needs,  instructional  capabilities  needed,  sufficiency  and 
availability  of  existing  courses  inside  and  outside  of  the 
organization,  assessment  of  support  and  resistance  to  any 


particular  nethod  o£  Instruction,  and  cost  analysis  of  the 
various  instructional  methods  that  would  adequately  meet  the 
requirements  (17). 


An  organization  may  not  desire  the  student  to  learn  in 
an  individualized  environment  such  as  that  offered  by  CAI . 
Soaw  organizations,  like  the  military,  may  want  the  student 
to  not  only  master  the  lesson  material,  but  they  may  want 
the  student  to  be  exposed  to  "values  and  attitudes,  such  as 
professional  ethics"  that  can  not  be  attained  easily  by  way 
of  CAI  (46:16). 

Another  factor  influencing  the  choice  of  an  instruc¬ 
tional  methodology  is  the  subject  material  itself.  "The 
choice  of  CAI  should  be  driven  by  instructional  need  for 
that  medium's  unique  capabilities"  (46:17).  CAI  should  be 
thought  of  as  one  method  out  of  many  that  may  satisfy  an 
instructional  requirement.  Thus,  "CAI  should  be  chosen 
based  on  its  potential  for  best  meeting  instructional  or 
institutional  needs"  (46:17). 

The  use  of  an  existing,  available  course  to  satisfy  an 
instructional  requirement  would  seem  to  be  the  best  alterna¬ 
tive  to  meet  that  need.  Indeed,  AFM  50-2,  Instructional 

Development,  specifies  that  the  educational  planner 
should  investigate  this  avenue  before  pursuing  the  develop- 
men’:  of  a  new  course  (17).  However,  this  advice  does  not 
preclude  the  investigation  and  evaluation  of  CAI  or  any 
other  method  to  satisfy  the  requirement.  It  may  turn  out 
that  the  existing  course  is  not  the  beat  alternative  from  a 


qvalltatiw  point  of  vioo.  Aaothor  Mthod  My  bo  bottor 
suitod  foe  tbo  now  eoqulroMnt  than  tho  Mthod  usod  by  tho 
oxlstinq  coitrso.  Moroovor,  dosplto  tho  ap-front  coots 
ossociotod  with  dovolopinq  o  now  losson  osinq  on  oltocnotivo 
Mthodoloqy,  tho  Mt  coot  My  bo  choopor  whon  oMctisod  ovor 
tbo  oxpoctod  uooful  llfo  of  tho  losoon. 

CourMwoeo  DovoloaMnt .  Tho  CAI  coiiroownxo  dovolopMnt 
peocoss  follows  tho  som  qonorol  pottozn  os  tho  dovolopMnt 
peocoss  of  any  Instruct ioMl  losson.  This  peocoss,  conannly 
collsd  tho  Insteoctlonol  systoM  dovolopMnt  (I8D)  peocoss, 
Involvos  *tho  doliboeoto  and  oedoely  peocoss  for  analysing, 
planning,  dovolopinq,  and  Mnaqinq  tho  instructional  pro- 
geasi*  (27tS). 

Thors  is  not  a  univorsally  accoptsd  nodal  of  tho  ISD 
peocoss.  Som  outlino  an  sight  stop  peocoss  to  achlovo 
losson  dovolopMnt  (4:275).  hFN  50-2  outlinos  a  six 
stop  nodol  of  tho  ISD  peocoss  (17).  Tho  Air  forco  Institute 
of  Tochnoloqy  nodifiod  tho  teaining-oriontod  Air  Force 
ISO  process  to  produce  an  education-oriented  process  called 
the  Acadenic  Instructional  Systen  (AIS)  (2:2).  AIS*s  basic 
approach  is  the  seven-stop  procoss  out li nod  as  follows:  (1) 
idontify  syston  oducational  roqulroMnts,  (2)  define 
educational  requiroMnts  and  identify  student  input,  (3) 

[Ian  and  develop  the  instruction,  (4)  develop  a  syllabus, 

(5)  provide  adaptive  instruction,  (S)  evaluate  instruction, 
and  ( 7 )  rovise/review  each  of  the  steps  above  ( 2 ) . 

A  sinple  yet  encoapassing  aodel,  based  on  tho  Air  Force 


ISO  Model  for  currlculua  design.  Is  offered  by  the  436th 
Strategic  Training  Squadron  (STs).  The  squadron  outlines 
five  Major  steps  which  are  the  analysis  step,  the  design 
step,  the  developMent  process,  the  validation  step,  and  the 
evaluation  step  (27).  Figure  1  is  a  representation  of  this 
BKMlel. 


Figure  1.  The  Instructional  SysteMS  OevelopMent 
Process  (27) 


The  analysis  step  involves  identifying  the  target 
population  requiring  the  instruction,  identifying  character¬ 
istics  of  that  population  (such  as  age,  educational  back¬ 
ground,  and  experience),  defining  the  instructional  goals, 
deteraining  the  instructional  aethods/aedia,  and  setting 
ailestones  for  the  reaainder  of  the  ISO  process.  Analysis 
is  that  first  step  "essential  for  establishing  the  direction 
of  the  actual  training  prograa"  (27:9).  It  is  in  the 
analysis  step  that  CAI  would  be  chosen  or  rejected  as  an 
appropriate  instructional  aethodology.  That  decision  is 
exaained  aore  closely  in  chapter  five. 

Following  the  analysis  step  is  the  design  step.  Design 
involves  the  aapping  of  the  developaent  process  that  will  be 
presented  next.  The  436th  STS  lists  the  following  as  end 
products  of  the  design  process:  instructional  requireaents, 
instructional  objective,  task  listing,  plans  for  validation 
and  evaluation  of  the  lesson,  and  an  updated  developaent 
schedule  with  ailestones.  Also,  in  this  step  the  lesson 
sequence  would  be  developed  based  on  the  above  products.  If 
CAI  is  the  chosen  aethodology,  then  an  appropriate  design 
for  branching  the  instruction  would  also  be  developed. 

The  next  step  "is  a  aonuaental  task  for  the  CDM 
(course  developaent  aanager)  and  consuaes  the  aajority  of 
the  ISD  effort"  (27:10).  This  developaent  step  consists 
priaarily  of  the  actual  building  of  the  lesson  itself.  This 
effort  involves  the  coordination  of  other  subject  aatter 
experts,  assistants  such  as  typists,  and  aedia  experts 


(photographers,  for  escaaple).  The  guallty  of  the  end 
product  "depends  primarily  on  how  well  the  analysis  and 
design  steps  tiers  accoag>lished”  (27:10).  Istisates  of  the 
aaount  of  the  lesson  preparer's  tine  necessary  to  develop  a 
one-hour  lesson  range  frosi  25  to  300  hours  (4€:147),  with 
the  Majority  of  the  experts  estlMSting  In  excess  of  100 
hours  (29,  46).  For  CAl  this  step  entails  text  and  graphics 
developswnt  and  lesson  branching  developsant. 

The  next  step,  validation,  involves  testing  the  lesson 
to  see  if  it  Meets  its  designed  instructional  objective, 
validation  is  a  necessary  step  to  be  "certain  that  the 
Instruction  works"  (27:11).  This  step  includes  coor¬ 
dinating  operational  tryouts  (pilot  studies),  analysing 
validation  data,  and  revising  the  lesson.  Validation  May 
cause  soMe  lesson  Modification  to  overcoMS  stortfalls  or 
deficiencies  in  the  lesson. 

The  final  step,  evaluation.  Involves  both  Internal  and 
external  evaluation.  Internal  evaluation  is  perforaed  by 
students  and  instructors  on  the  lesson  itself  and  identifies 
lesson  delivery  and  content  probleas.  External  evaluation 
"deterMines  tdiether  the  course  graduates  can  per  fora"  and 
identifies  changes  in  the  instructional  requireawnts  (job 
changes,  process  changes)  that  affect  the  lesson  (27:13-14). 
Evaluation  is  a  continuing  process  which  provides  feedback 
for  continuous  lesson  updates. 

Probleas  ^  Avoid.  Several  warnings  bear  Men¬ 
tioning  at  this  point.  First,  a  problea  to  be  avoided  by 
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tM  t— ’  CJU  l0—mm  tm  timt  tim  cMp«t«r  ta 

mm  astCMlva  *  Mali  ‘  il  mmm4  mm  mmctk.  II  tM  s«to}«ct 
■•tM&al  4mmm  mmt  m«4  m  ea— at  lacas^aaata  latacact tvtty 

lata  ita  4aalfa«  tlwa  taat  laaaaa  la  aa  aattat  taaa  a  aaat 
ac  iMateat.  Aa  CaaActflit  mmi4,  *»a«a  Cacaat  CAI  (aa  taia 
•iaaaa  af  a  caapatac  la  AaMaAl,  aaaa  witfe  ealar  aai 
ytapliiea*  la  atlll  a  9aaa  aaa  af  taa  craapatav* 

Papa -Tat aat  CAl  *la  aaat  latt  (fat  taai  aaat ;  taa  papaa  aca 
cPaapat  aai  aaalat  ta  tata*  (fT:2Ti.  latatact Ivlty,  taaa, 
la  taa  feay  ta  CAl .  Aa  Oaty  aaya  *aa  aaaP  ta  Paaipa  ptaptaaa 
wlta  latataetlvlty  aa  taa  eata*  OPtCf).  Naay  af  taPay'a 
CJU  ptaptaaa  Pallvat  taat  alta  "latataetlvlty  tataaa  la  aa 
aa  af tattaaapat . . . I  paapla'a  talataaca  fat  taat  la  lav" 
(JPiCP). 

JPMtaat  vatalap  aaatlaaaP  ay  aaM  aapatta  caacataa 
ataPaat  eaattal  avat  aaltlap  taa  laaaaa.  itapaaaata  aPviaaa 

taat  It  "la  vaty  lapattaat  la  aaltlap  (CJU  laaaoaal  taat  taa 
ataPaat  aaat  Pa  aa4a  to  faal  aa  at  aaa  la  In  caaplata 

eaattal  at  all  tlaaa"  (Tt:ll).  Ha  aappaata  taat  aa  aacapa, 
asit,  at  ’Pallaat*  opt  Ian  Ha  avallaPla  to  a  ataPaat  at  any 
tiaa. 

Flaally,  aa  aaatlaaaP  aatllat,  CAI  aaat  Ha  daalpaad  to 
Ha  latataetiva.  To  tMt  aad,  caataavata  davalapaaat  aPoald 
allav  fat  ftapaaat  paaatlaalap  aad  palsslap  af  atadanta 
(4:f2).  THIa  nat  only  kaapa  tlio  atadant  involvad  In  tta 
laattaetlaa,  Hat  It  ptavidaa  taat  naeaaaaty  laaadlato 
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f  tM  aaoat  fels  or  imi  facfacaaaea 

I4:ll«) . 

■MifeMLifli  si  fi4L  filLilXlUt*  TIM  ptaeaas  of  Ml»f  •  CAl 
pcafCMi  tm  4allv«f  iMtcaetiMi  fallaw  tiM  eatlina  fealaw. 
Aftav  tJM  ataiaat  alta  Aaaa  at  tJM  cmm^tmg  tacalaal  aad 
fallaaa  tAa  lafaa  ac  Aaat  pcacaAaaaa  far  tkm  pattlcalas 
caapatac,  tlM  ataAaat  laaAa  tlM  CAJ  iaaaaa  ac  pcapaaa  lata 
tAa  aacAlaa  aai  raaa  It.  Hm  ataAaat  aalacts  lAilcA  aaAala 
Aa/aAa  atafcaa  ta  raeaiva.  TIm  caapatar  pvaaaata  tAa  aaPala 
ta  tiM  staAaat«  atapplap  at  pcaAatataiaaA  palata  fac  lapat 
fcaai  tAa  ataPaat.  TIm  staPaat*a  caapaaaaa  aay  eaaaa  tAa 
caapatat  ta  ptaaaat  tAa  pcaviaaa  aataclal  la  a  Plflataat 
aaaaaa  if  tAaaa  caapaaaaa  tatfleataP  tAat  tAa  aaAlact  aatac- 
lal  aaa  aat  fatly  caapcaAaaPaP .  IC«  Aaaaaac,  tAa  ctaPaat's 
caapaaaaa  laPieataP  tAat  all  tAa  Iaaaaa  aataclal  haP  Aaaa 
aaaiallataP,  tAa  pcapcaa  aay  accalacata  tAa  paca  af  laatcac- 
tlaa  ta  pcavaat  Aaclaf  tAa  ataPaat.  TAa  paca  waalP  catarn 
ta  aacaal  aaea  tAa  ataPaat's  caapaaaaa  laPIcataP  tAa  Iaaaaa 
aataclal  aaa  cAallaaplap. 

TAia  pcacMa  aaalP  caatlaaa  aatll  tAa  ataPaat  altAar 
eaaiplataP  tAa  laaaMi  ac  aaPaP  tAa  aaaalaa.  In  altAar  caaa, 
a  CAl  pcapcaa  aAaalP,  aa  a  aialaaai^  aaaaaclaa  tha  aaaalaa 

fac  tAa  ataPaat,  laPleatlap  aacA  tAlapa  aa  tlaa  an  tAa 
aacAlaa  ac  tatal  CPU  tlaa  (fac  tlaa-aAaclnp  ayataaa',  acara 
far  tha  aaaalaa,  anP  tha  atuPant'a  aaak  anP  atrana  araaa. 
APdltlanally,  if  tha  ataPaat  PIP  aat  caaplata  tha  Iaaaaa, 
tha  pcapcaa  ahaulP  atara  tha  laat  point  tha  atuPant  workaP 
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«t  to  OMfelo  tlM  otiMloiit  Co  coooao  oC  chot  point  iilion  lio  or 
olM  lOtWM  to  tlM  loooon  (1<« 

AMltiOMlly«  tUcooflk  oliot  any  bo  tocaod  o  CMI  intoc- 
foeo,  tbo  iMtroetoc  woold  oloo  bovo  lafocaotion  oboot  tbo 

otaiaat'o  povfotaaaao  oad  otroaftbo  oad  aoofenooooo.  Tbo 

iaatcaetor  any  ono  tblo  Infosantion  to  work  o«o-oa-ono  with 

o  stadant  otia^ilaf  In  ooao  orao. 


Wait  nro  tbo  vac  loan  aotbodoiof  loo  of  iiola^  coapatoro 
to  old  Inotractlon? 

fiAi  IIBULMUIIM*  loan  avltoro  dlvldo  tbo  odacotlonol 
aoo  of  eoapatocfl  Into  tbxoo  eotoparloo;  tool,  tatoc,  ond 
tooeboc  (flxil.  Otboro  aaald  odd  tootoc  to  tbot  Hot 
(«,  4J).  bloool  oad  Ttolllp  Idaatlfy  ton  antbada  of  aolod 
Cbl:  tatoxlol  lantraetloa,  dxllln,  nlaalotloao,  Inntcac- 
tionol  foaoo,  toato,  probloa-aolvlnp  onvlconannta,  toocblng 
toola,  pnaaa,  Intolllfont  Cbl  ond  eoapatox -control lod  vldoo 
(4:SI-S4).  Moan oar.  It  aoald  oppaor  tbot  aovorol  of  thoao 
oro  aabnota  of  otbora.  In  tbolr  bnndbook  for  blr  Forco 
Inatraetloaol  Woaofora,  manor -Plcbordaon,  Loaoa,  ond  boat 
rocopnlno  ala  foraa  tbot  Cbl  eon  toko:  Inforantlonol,  Or  111- 
oad-Pcoetlca,  Tatorlol,  flaalotlon,  Inpulry,  ond  Intolllpont 
<4dtlf-24).  In  all  tboao  oppllcotlona  tho  boalc  fanctlona 
tbot  Cbl  aorvoa,  boaovor,  bovo  roaolnod  tho  aoaa:  "tbo 
paonoatoClon  of  Inforontlon,  tbo  doaonatrotlon  of  tho  oppll- 


cot  1 


of  ah  11 la  ond  knoalodao  tbroaah  oaoaploa,  ond  tbo 


opportmtty  for  proctlco"  (4<:i9).  Koanor-Rlcluirdson  ot 
•l‘o  viow  of  tho  oppllcotloiui  of  CAl  oppoorod  aoro  coaploto 
tlMn  that  aontloiMd  oorlloc  in  that  thoy  spaclfically  took 
Into  account  dr lll-aad-pxactico  and  niaulation  CAl  coaaonly 
listad  Py  nany  oxparts.  Thua,  thla  roaoarehar  prosonta 
tPaIr  ■odal  of  tPo  various  forao  of  CAl. 

G4L*  Inforsational  CAl  is  tho  uss 
of  tlM  csavutax  to  provide  inforaation  to  support  instruc¬ 
tion.  TMt  instruction  could  taka  tbs  fora  of  convent  ions  1 
claaarssa  instruction  ot  otbsc  astbods  sucb  as  tutorial  CAl. 
Oanaraiiy  in  Inforastional  CA1«  tba  coaputar  can  bs  thought 
of  as  a  databasa  containinp  part inant  subjact  inforantion^ 
tast,  prapbics^  and  otbar  foras  of  inforantion.  This 
infarnation  uauld  ba  availabla  to  tba  studant  for  rafaranca, 
for  problaa  solvinp,  or  for  balp  ralatad  to  antarlal 
prasantad  in  class.  Tbis  fora  of  CAl  "can  ba  usad  as  a 
dynaaic  tool«  with  inforaation  such  as  balpful  hints  or 
laasons  laarnad  added  by  instructors  at  any  tins”  (4(:19) 
or  any  point  in  tba  databasa. 

i>l  1 1 1  -p^-syet lea  Or  11  l-snd -Practice 

CAl  is  tba  use  of  the  coaputar  to  provide  rainforcaasnt  of 
antarlal  prasantad  by  other  asans  of  instruction,  lisala 
baliavas  that  drill  and  practice  probably  constituted  the 
first  application  of  CAl.  Ha  states  that  besides 
aatbaaatical  applications,  "sarly  drill  and  practica 
applications  included  spallinp  practica,  word  racoqnltion. 


and 


risation  of  factual  inforaation"  (24:15).  Drill  and 


pc«ctic«  h«v«  not  chanqod  mich  In  tMinlc  for«  sine*  thon. 

Th«  progrM  "drills  studsnts  on  parts  of  a  procsss;  s.g. 
what  do  you  do  aftar  you  havs  Installsd  ths  condsnssr*  or 
"guissas  studsnts  on  noMnclatura  (a.g.,  parts  of  anatoay, 
parts  of  a  vahlcla)"  (46:21).  Ths  ganaral  structura  and 
flow  of  drlll-and-practlca  lassons  Is  prasantad  In  Pigura  2. 
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Flgura  2.  Oanaral  Structura  and  Plow  of  Orill-and- 

Practlca  Lassons  (4:135) 


Drill  and  Practlca  Is  an  laportant  part  of  any  laarnlng 
procass  and  hanca  this  capability  is  not  to  ba  ta)(an 
lightly.  Kaasiar -Richardson  at  al.  spaak  of  tha  inportanca 
in  thasa  taras: 

Practlca  not  only  varifias  that  tha  laarnar  can 
actively  usa  concepts,  skills,  and  procedures 
which  have  bean  taught  ,  it  also  affords  tha 
laarnar  tha  opportunity  to  practice  transferring 
and  ganaral ising  concapts  and  stratagias  to  prob- 
leas  dissiailar  froa  axaaplas  daaonstratad  (46:21). 

1 

Tha  coaputar  is  wall  suited  to  this  task,  being  able  to  quiz 


and  provide  iaaadiata  feedback  to  tha  student. 


Tutorial  CAI .  The  previous  two  foras  of  CAI 
were  suppleaental  to  classroon  instruction  or  other  foras  of 
instructions.  Tutorial  CAI  is  the  first  fora  of  CAI 
discussed  that  uses  the  coa4>uter  to  present  instruction 
coaplete  by  itself  without  the  use  of  conventional  classroom 
Instruction  or  other  non-cos^uter  Mthods.  Clearly,  tutor¬ 
ial  CAI  is  the  first  level  of  CAI  at  which  there  are  stand¬ 
alone  capabilities,  aeanlng  that  instruction  can  be  solely 
presented  by  interaction  with  the  coaputer.  Tutorial  CAI  is 
described  as 

fraaes  of  text  and  graphics  .  .  .  typically  inter¬ 
spersed  with  eabedded  questions  such  as  constructed 
ans%rer,  true/false,  aultiple-choice,  or  aatching  ques¬ 
tions.  laaediate  feedback  aessaqes  and  schemes 
(including  branching  to  remediation  or  elaboration 
segments)  are,  in  good  measure,  what  makes  the  lesson 
a  tutoring  experience"  (46:21). 

Alessi  and  Trollip  say  that  effective  tutorials  strive 
to  present  information  or  model  skills  and  guide  the  student 
through  an  initial  use  of  the  information  or  skills  (4:65- 
66).  Tutorials  "usually  do  not  engage  in  extended  practice 
or  assessment  of  learning;  .  .  .  extended  practice  and 
assessawnt  are  the  domain  of  other  methodologies"  (4:65). 
These  other  methodologies  are  drill-and-practice  and  testing 
applications  of  CAI.  Figure  3  presents  a  model  of  the 
general  structure  and  flow  of  a  CAI  tutorial. 

There  are  s^me  cautions  to  be  observed  in  preparing  or 
purchasing  tutorials.  Care  must  be  taken  to  ensure  that 
tutorials  do  not  become  "linear,  not  highly  Interactive, 
nonadaptlve,  and  .  .  .  take  a  view  of  the  learner  as  a 
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(4:66) 


paaslvc  recipient  of  InforMtlon”  (46:22).  The  Havel  Post¬ 


graduate  School  uses  computer  tutorials  to  "train  or  retrain 


students  In  the  use  of  (IBM  and  VAX)  cosputer  systems  on 


campus"  (67:7). 


Tutorials  can  be  used  to  provide  Instruction  In 


virtually  any  area  of  study  ranging  from  the  humanities  to  the 


social  and  physical  sciences  (4).  "They  are  appropriate 


for  presenting  factual  Information,  for  learning  rules  and 


principles,  or  for  learning  problem-solving  strategies' 


(4:65). 


Slwilatlon  Simulation  CAI  Is  the  use  of 


the  computer  to  model  a  specific  situation  or  process 


%d)lch  places  the  student  Into  that  situation  or  controlling 


that  process.  Blsele  says  "Simulations  take  the  form  of 


presenting  a  situation  to  the  learner,  and  requiring  a 


response  based  upon  a  decision  of  how  to  act  In  that 


situation,  with  feedback  In  the  form  of  the  likely 


consequences  of  having  acted  in  the  way  decided  upon" 
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(24:15).  "Slaulatlons  usually  operate  In  cycles. 

Bach  cycle  begins  with  a  sionilation  in  a  given  state" 
(46:22).  The  student  is  then  given  alternative  courses  of 
action  froa  %rhich  he  or  she  aakes  a  choice.  This  choice 
then  deternines  the  state  of  the  simulation  or  process  in 
the  next  cycle.  Simulations  can  either  "faithfully  mimic"  a 
situation  or  process  or  they  can  interact  "with  the  student, 
coaching  him  or  her  and  providing  feedback  on  the 
effectiveness  or  advisability  of  actions  taken"  (46:22). 

The  general  structure  and  flow  of  a  simulation  is  presented 
in  Figure  4. 
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Figure  4.  General  Structure  and  Flow  of  a  Simulation 

(4) 


Simulations  can  be  run  directly  from  a  computer  and  its 
display,  they  can  operate  in  conjunction  with  other  devices 
or  computers  specifically  designed  to  mimic  a  process,  they 
can  operate  actual  mock-up  operating  equipment  set  in  a  test 
situation  (73).  Stamamrs  and  Morrisroe  call  these  last 
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applications/  which  tie  additional  devices  into  the  CAI 
computer  controlling  the  lesson,  "adjunct  training"  (73). 


Simulations  are  familiar  to  many  "having  been  employed 
for  training  medical  personnel  in  patient  care,  for  teaching 
some  aspects  of  economics,  ecology,  genetics,  and  history, 
and  for  training  pilots"  (24:15).  Some  experts  believe 
simulations  are  an  improvement  over  tutorials  and  drill-and- 
practice  from  a  motivational  standpoint  since  the  student  is 
active  throughout  the  learning  process  (4:172). 

Inquiry  CAI .  Inquiry  CAI  combines  some  of 
the  features  of  Information,  Drill-and-Practice,  and 
Tutorial  CAI.  However,  with  Inquiry  CAI,  the  student 
controls  the  subject,  length,  and  breadth  of  instruction. 
"Inquiry  (CAI)  allots  the  student  to  get  to  what  it  is  he  or 
she  needs  or  wants  to  learn"  (46:23).  The  student  may 
choose  to  simply  practice  some  exercises  pertaining  to  a 
specific  subject  or  receive  instruction  on  that  subject. 
Inquiry  CAI  is  "especially  appropriate  to  those  who  need 
refresher  or  brush-up  training  in  very  specific  areas" 
(46:24). 

Intelligent  CAI .  Intelligent  CAI  is  the  use 
of  the  computer  to  "emulate  the  one-on-one  interaction  of  an 
Instructional  dialogue"  (46:24).  Some,  such  as  finger  et 
al.,  claim  that  the  "computer  is  very  inflexible  and  thus 
cannot  usually  react  to  a  student's  unexpected  question. 
Computers  inherently  have  trouble  helping  students  develop 
'synthesis'  and  'analysis'  skills"  (25:140).  Intelligent 


CAI  Is  an  application  under  development  which  addresses  this 
problem. 

Intelligent  CAI  is  a  combination  of  CAI  and  the 
use  of  Artificial  Intelligence  techniques  to  provide 
"Socratlc  dialogues  or  meaningful  coaching”  (46:24)  for  the 
student.  The  objective  is  to  approximate  the  human  student- 
teacher  interaction  where  the  teacher  is  a  subject-matter 
expert,  knows  or  determines  what  the  student's  present  level 
of  understanding  is  vis-a-vis  the  subject,  and  know  how  to 
present  the  subject  to  the  student  in  a  manner  that 
facilitates  understanding.  Intelligent  CAI  as  yet  does  not 
exist,  but  is  considered  to  be  the  future  form  of  CAI  (46). 

fflllimirY 

This  review  of  current  literature  on  the  subject  of 
computer-assisted  instruction  (CAI)  provides  answers  to  the 
three  introductory  investigative  questions. 

The  answer  to  question  one  discussed  the  problems  with 
the  lack  of  a  specific,  universally  accepted  term  to 
describe  the  use  of  computers  to  aid  instruction.  Addi¬ 
tionally,  a  definition  of  CAI,  the  term  chosen  by  this 
researcher,  was  presented. 

The  answer  to  the  second  question  provided  an  insight 
into  how  CAI  is  developed  and  used. 

The  ans%#er  to  the  third  question  presented  six  forms  of 
CAI:  informational,  drill  and  practice,  tutorial.  Inquiry, 
simulation,  and  intelligent  CAI. 


I2L.  Iducatlonal  iMBMSl  OL  CAL 


0Y«^tt¥ 

This  cbsptsr  will  provide  the  reader  with  insight  into 
questions  related  to  the  educational  effectiveness  of  CAI, 
the  cost  effectiveness  of  CAI,  and  the  tools  necessary  to 
iapleaent  CAl  In  an  educational  or  training  setting.  The 
fourth,  fifth,  and  sixth  investigative  questions  presented 
in  the  Mthodology  are  ans%Mred  in  sequence. 

Question  4 

What  does  current  research  indicate  about  the 
educational  effectiveness  of  CAI  versus  traditional 
classrooa  instructional  sMthods? 

To  answer  this  question  we  aust  look  at  two  aspects  of 
%#hat  one  say  define  as  effectiveness.  The  first  of  these  is 
qualitative.  Noraally,  a  Measure  such  as  student  achieve- 
■ent  on  soae  standard  test  instruasnt  is  used  to  judge  the 
qualitative  effectiveness  of  a  teaching  aethod  (28). 
Secondly,  CAJ  anst  be  judged  on  its  quantitative  effective¬ 
ness.  To  aeasure  quantitative  effectiveness,  the  study 
exaained  the  effect  of  CAl  on  the  tiae  it  takes  to  present 
the  aaterial  to  a  student  and  have  the  student  attain  the 
desired  learning  level. 

CAL  If  feet  on  Student  The  qualitative 

success  of  any  educational  process,  tool,  or  aethod  is 
judged  by  the  success  it  has  on  student  educational  achieve- 
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Mnt.  Any  Mthod  or  tool  that  doas  not  rasult  in  student 
achievoMnt  equal  to  existinq  Methods  is  of  questionable 
value  to  the  educator.  Hence,  part  of  the  research  on  CAI 
has  focused  on  the  effectiveness  of  CAI  as  Measured  by 
student  achievesMnt. 

SoMe  educators  are  skeptical  about  the  value  of  CAI. 
Hanley  warns  that  CAI  is  a  novelty  and  as  such  has  inherent 
Motivational  properties  that  will  %fear  off  as  soon  as  the 
novelty  effect  is  gone  (36:36).  Palozola  says,  soMswhat 
tongue  in  cheek: 

What's  %rrong  with  (CAD?  In  a  word,  its 
boring.  The  key  to  learning-Motivation, 

%fhich  often  is  boosted  by  the  instructor- 
is  Missing  entirely.  Multiple-choice 
branching  ...  is  Monotonous  .  .  .these 
innovations  tend  to  be  one  big  ya«m  for 
trainees  used  to  the  Marvels  of  televi¬ 
sion,  cinsMa  and  video  arcade  gaMes  (62). 

However,  Hanley  suauMrized  the  results  of  a  Meta-analy¬ 
sis  review  of  48  such  studies  by  stating,  "students  who  had 
received  CAI  outperforised  students  who  had  received  only 
conventional  instruction  in  81%  (39)  of  the  cases"  (36:26). 
Other  researchers  also  confiraed  higher  achieveaent  using 
CAI.  Wilkensen  and  Chattin-McMichols  used  CAI  to  train 
police  officers  on  the  effects  of  a  Supresw  Court  decision 
on  an  existing  law.  They  desranstrated  that  CAI  resulted  in 
20%  better  officer  understanding  of  a  specific  law  change 
versus  traditional  departaent  training  Methods  (83).  Valuk 
reported  on  the  use  of  CAI  in  an  eleaentary  school  to 
laprove  student  aath  skills.  While  his  results  are  not 


quantified,  he  reports  that  CAl  students  have  desmnstrated 
better  perforaance  (76).  Msnaa«— nt  Review  reporters  Inter¬ 
viewed  educators  at  the  Catholic  University  of  AsMrlca  and 
found  that  "students  .  .  .  can  learn  spelling  faster  and 
•ore  easily  by  using  coaputers  because"  they  are  not  haa- 
pered  by  the  "sMchanlcal  difficulties  posed  by  %rrltlng 
annually"  (9). 

Increased  perforaance  froa  the  use  of  CAI  was  also 
noted  by  researchers  at  the  Air  Force  Acadeay.  Bnger  at  al. 
reported  an  experlaent  conducted  using  t%M>  student  groups, 
each  "reasonably  slallar  in  ability,"  one  of  which  accoap- 
llshed  its  hoaework  asslgnaents  via  a  coaputerlzed  drill- 
and-practlce  prograa  and  the  other  by  conventional  aethods. 
The  group  that  used  the  CAl  drlll-and-practlce  routine  "did 
nearly  twice  as  well  as  the  other  group"  when  tested  on  the 
lesson  subject  aatter  (25:137-38). 

Other  researchers  have  concluded  that  CAI  is  equally  as 
effective  as  traditional  classrooa  Instruction  (20,  21,  28, 
43,  51,  64).  Dossett  and  Konczalt  concluded  quite  plainly 
that  "CAI  Is  least  as  effective  as  conventional  classrooa 
or  prograaawd  Instruction"  (20:44).  Additionally,  Lepper, 
atteapting  to  stlaulate  debate  on  CAI,  writes  about  qual¬ 
ities  of  CAl  as  coapared  with  traditional  Instruction.  He 
credits  CAl  with  being  not  only  equal  to  traditional 
Instruction  in  aany  respects,  but  with  additional  capabil¬ 
ities  such  as  providing  laswdlate  feedback,  providing  types 
of  feedback  not  noraelly  available  In  the  classrooa,  and 


providing  highly  spocialixod  individual  training  (51). 
Noraovar,  Oossatt  and  Hulvarahorn  conductad  a  study  using 
CAl  on  Air  Forca  trainaas  in  tachnical  training  school. 

Thay  raconfiraad  aarliar  studias  proving  tha  rasults  of  CAI 
dallvarad  instruction  to  ba  statistically  aqual  to  tha 
rasults  of  traditional  classroom  instruction  frosi  a  studant 
achiavaaant  point  of  viaw.  Thay  also  shovad  CAI  was  a  ssach 
fastar  swthod  (21).  Additionally,  Parry  at  al.  sMntionad 
savaral  afforts  thay  axaainad  that  daaonstratad  CAI  producas 
"studant  achiavasMnt  about  agual  to  that  achiavad  with 
traditional  instruction”  (S4:33).  Anothar  rasaarchar, 
Oarardo,  conductad  an  axpariMnt  that  da»onstratad  that  CAI, 
in  conjunction  with  traditional  classroon  training,  rasults 
in  iaprovad  studant  parforsMnca  (28).  Spacif ically,  ha 
concludad  that  "studant  laarning  in  a  FORTRAN  coursa  daliv- 
arad  in  tha  traditional  lactura  aoda  is  significantly 
incraasad  whan  supplasMntary  CAI  rasourcas  ara  auKia  avail- 
abla”  (28). 

Burns  and  BoxasMn  conductad  a  aiata-analysis  of  studies 
of  CAI  af factivanass  in  tha  MthasMtics  curriculusi  area 
( 7 ) .  Thay  concludad  that 

Tha  analysis  and  synthesis  of  Many  studias  do  point 
to  a  significant  anhancasMnt  of  laarning  in 
instructional  anvironsMnts  supported  by  CAI,  at 
least  in  one  curriculusi  area  -  sathsMtics  (7:37). 

Perhaps  tha  Most  cosgirahansiva  study  of  this  area  was 

parforaad  by  Kulilc,  Kulilc,  and  Schwalb  (Kulik  at  al.).  They 

parforaed  a  aata-analysis  of  25  studias  of  CAI  applied  in 


tM  MM  of  o4«lt  o4oc«tloii  OMC  a  vl4o  ron^  of  oobloct 
•KMO  (40).  TlMic  cooulto  tndlcotod  that  CAl  "rolsod  final 
OMaiiiiatlM  acoioa  in  tho  typical  otody  by  0.42  standard 
davlatloaa#  or  froa  tba  Sdtb  to  tha  (Otb  patcontila* 
(4it24t).  Tbaaa  rasalta  wars  siaUlar  to  raoalta  thay  had 
foaad  Mrllar  aban  parforainp  a»ta-analyais  on  studios 
parforasd  at  tha  slaaniatary#  sacondary«  and  collapa  lavals 
(4f:240). 

SosM  of  tha  diffaraacas  batsaan  tba  rasults  of  tha 
stadias  asntionad  aarliar  conearninp  CAl's  instructional 
of factivanasa,  nay  ba  dua  in  part  to  tha  uay  tha  study  uas 
conduetad.  Johnson/  Johnson/  and  ftanna  (Johnson  at  al.) 
dasMnatratad  that  tha  iMrninf  anvironawnt  undar  uhich  tha 
instruction  is  pivun  inpacts  tha  of tactivanass  of  CAI . 
fltadanta  sabjactad  to  Chi  undar  uhat  Johnson  at  al .  tarn 
*cooparativa  laarninq”  (conditions  whara  studants*  achiova- 
nont  is  basad  in  pact  on  tha  achiavaawnt  of  tha  froup  as  a 
whola  so  that  conpatition  within  tha  froup  is  nininisad) 
outparforn  studants  who  work  individually  or  in  prou^  whara 
nonbars  conpata  aawnpst  thanoalvas  (45).  Tha  inplication  of 
this  findinp  is  ovidant  with  rapatd  to  instructional  daval- 
oponnt.  Tha  conditions  craatad  by  tha  davalopar  inpact  tha 
of factivanass  of  tha  CAI  lasson  davalopad.  Moraovac/  this 
nay  axplain  why  sons  of  tha  studios  showad  praatar  achiava- 
annt  than  othars. 

ThttO/  tha  avidanco  to  data  aatablishas  that  CAI  pro- 


dttccs  results  at  laast  as  affactiva  aa,  and  In  aoaa  caaas 

■ora  affactiva  than*  traditional  claaarooa  Instruction. 

It  facta  fill  Instruction  Um.-  Tha  second,  or 
qoantltatlva,  aspact  of  CAl  is  its  offset  on  lanqth  of 
instruction  tias.  This  parspactiva  is  laportant  bacausa  It 
Is  not  anouqh  to  daaonstrata  that  a  now  aducatlonai  tool  or 
asthod  is  succassful  only  by  tha  crltarlon  of  studant 
achlavaaont.  An  aducatlonai  tool  or  aathod  aust  also 
provida  tha  axpactad  laval  of  studant  achlavaaont  In  an 
accsDtabla  of  tlas.  Por  axaapla,  a  now  taachlnq  tool 

that  aquals  traditional  classrooa  studant  achlavaaont 
lavals,  but  only  aftar  an  instructional  period  twice  as  lonq 
as  traditional  classrooa  Instruction,  Is  of  little  practical 
benefit  since  It  Is  assantlally  half. as  officiant  as 
traditional  classrooa  Instruction.  Thus,  research  has  also 
focused  on  tha  affects  of  CAX  on  lanqth  of  Instruction. 
Indeed,  "the  need  to  decrease  training  tlaa  while  aalntain- 
Ing,  and  even  laproving  aastary  of  tha  subject  aattar  Is 
bacoalng  tha  focus  of  asnageawnt's  attention”  (57:12). 

Gordon  and  Lea  suggest  that  tha  use  of  CAI  could  cut  down  a 
noraally  five-day  aeatlng  to  a  three-day  aaatlng  (33). 

Past  and  meant  research  bears  out  thalr  suggestion 
that  CAI  actually  reduces  Instructional  tlaa  and  provides 
equal  levels  of  'Student  achleveaent.  In  1967,  Grubb  re¬ 
ported  that  ”V.  Uttal,  Investigating  the  effects  of  special 
teralnals  connected  to  an  IlH  €50  systea,  found  that  at  the 
and  of  50  hours  of  stenotype  Instruction  at  the  teralnal. 


coll«9«  tt«d«nt0  wtr«  pcrforaln^  at  a  laval  aqulvalant  to 
paopla  axposad  to  200-300  hours  of  convantlonal  Inatcuction" 
(29:77).  Nora  raeant  caaaacch  by  Parry  at  al.  on  savan 
stadias  of  CAI  daaonatratad  that  CAI  raducad  lanqth  of 
inatructlonal  and/or  laarninq  tisM  ovar  convantlonal  class- 
roon  Instruction  tins  (04:32-34).  Thasa  rasults  uara  con¬ 
vincingly  valldatad  by  axparlnants  by  Dossatt  and  Nulvar- 
shorn.  Thay  danonstratad  that  CAI  producad  a  37%  raductlon 
in  tralnlnq  tlsn  ovar  convantlonal  training  nsthods  for  Air 
Porca  parsonnal  In  a  tachnlcal  training  progran  (21:553- 
555) . 

Kulll:  at  al.  found  as  a  rasult  of  thair  nata-analysls 
of  CAI  adult  aducatlon  atudlas  that  "In  twalva  of  tlia 
thlrtaan  studios  raportlng  instructional  tian,  tha  conputar 
did  Its  job  gulcitly* — on  tha  avaraga  about  a  29%  raductlon 
In  Instructional  tlsw  over  convantlonal  taaching  nathods 
(49:249) . 

Dossatt  and  Hulvorshorn  also  racognlsad  that  nany 
schools  and  unlvarsltlas  could  not  afford  to  purchase  suffl- 
clant  conputar  tarnlnals  for  individual  student  use.  Thara- 
foro/  thay  decided  to  conduct  another  axparlnant  to  sea  If 
there  would  be  any  datrlnantal  affect  to  pairing  students  at 
a  tarnlnal.  Thay  discovered  that  student  pairing  had  a 
synergistic  aifact  and  actually  resulted  In  bn  even  greater 
raductlon  (49%)  In  training  tins  (21:555-557).  Additional 
evidence  to  support  this  finding  cones  fron  an  earlier  study 
by  Grubb.  Ha  reported  that  "the  affect  of  pairing  high 


(p«rfocainq)  students  In  the  study  had  little  effect  on 
iMMdiate  error  rates  (the  seasureMnt  of  perfornance) 
within  the  course  as  Measured  by  their  controls.  With  low 
(performing)  students,  hoimver,  the  pairing  arrangement 
reduced  Immediate  error  rates  twenty  five  to  fifty  percent 
(25-50%)  over  their  controls"  (29:77). 

With  regards  to  retention  of  Icnowledge,  very  little 
research  has  been  reported.  One  study  of  the  effectiveness 
of  CAI  to  provide  foreign  language  Instruction  tested 
students  some  time  after  their  lesson  %fas  completed.  The 
results  Indicated  that  the  students  who  received  the  CAI 
treatment  still  out-achieved  their  counterparts  %rho  had 
received  the  control  lesson  (language  tapes) (44).  Kullk  et 
al.  recommended  that  "future  evaluations  of  adult  (CAI) 
might  therefore  pay  more  attention  to  such  areas"  (48:249). 

Thus,  the  weight  of  evidence  clearly  establishes  that 
CAI  can  reduce  Instruction  time  over  conventional  classroom 
Instruction  (20,  21,  29,  44,  48,  64).  The  obvious  benefits 
from  this  are  cost  savings.  As  Oossett  and  Konezak  con¬ 
cluded,  "shorter  training  times  .  .  .  translate  directly 
Into  increased  efficiency;  training  costs  are  lower  and  a 
greater  number  of  graduates  qualify  for  work  assignments 
In  a  shorter  period  of  time"  (20:44). 

Question  5 

What  does  current  research  indicate  about  the  cost 
effectiveness  of  CAI  versus  other  Instructional  methods? 


In  19€7,  SOM  sstlMtos  of  ths  cost  of  CAI  whore 
•s  high  as  $100  per  hour  of  on-line  Instruction  (29:33). 
Other  estiMtes  based  on  purchasing  a  MinfraM  coa^uter 
systeai*  using  it  effectively^  and  aMrtising  costs  over 
10  years,  com  in  as  low  as  $4  per  hour  (29:33).  Yet,  even 
then  educators  and  researcheca  felt  the  associated  costs  for 
CAI  Mrs  econoBiical.  At  that  tiM,  Kopstein  said  ”I  have 
studied  the  econosiics  of  CAI  and  find  that  on  the  basis  of  a 
per  hour-per  student  coat  of  instruction,  a  favorable 
coa^arison  is  possible  with  conventional  classroos 
instruction"  (29:33). 

Today,  a  personal  coaiputer  with  the  power  of  a 

$10,000,000  MChine  of  30  years  ago  can  be  bought  for  under 

$1000  (4y  51).  In  light  of  the  increasing  capabilities  and 

decreasing  costs  of  today's  coag>uters,  one  could  conclude 

the  econosiics  of  CAI  should  always  be  favorable.  Lewis  et 

al.  detailed  conditions  under  which  they  believe  CAI  can  be 

cost  effective.  Those  conditions  are  «rhen 

(a)  (CAll  costs  the  ssm  as  conventional  instruction 
but  contributes  amre  to  student  achieveMnt  in  the 
SSM  aaount  of  instructional  tiM,  or  (b)  it  costs 
less  or  results  in  less  training/instructional  tiM 
for  students  to  achieve  the  saM  learning  outcoMS  as 
conventional  instruction  and/or  (c)  it  results  in  an 
increase  in  student -teacher  ratios  (which  can  be 
translated  into  lower  overall  costs  to  the  systesi) 
(52:931. 

Rose  agrees  with  this  last  point  when  he  states  that  with 
CAI  "student  to  instructor  ratios  could  be  doubled,  as  a 
conservative  estiMte,  without  sacrificing  the  quality  of 
instruction"  (67:8). 


HotMvar,  SOM  rsssarchsrs  disagree  with  this  conclu¬ 
sion.  In  1982,  Shavelson  and  ffinkler  stated  that  nost  cost 
effectiveness  studies  done  up  to  that  point  had  been  fla%red. 
Specifically,  they  noted  three  categories  of  gross  assuisp- 
tions  Mde  in  Mny  studies.  These  they  called  assuaptions 
about  the  hardMre  and  softMre  coaponents  of  the  coaputer 
systea  (such  as  overestiMting  systea  capabilities),  assump¬ 
tions  about  the  rate  of  use  of  the  systea  (overestiMting 
use),  and  assuaptions  about  the  life  span  of  the  systea 
(overestiMting  life  span)  (71:3).  They  %#arned  that  too 
Mny  studies  focused  only  on  the  hardware  cost  of  a  CAI 
systea  and  not  on  the  personnel,  Mintenence,  and  operating 
costs.  Indeed,  they  cited  research  that  indicated  that  only 
28  percent  of  the  total  annualized  costs  are  hardware 
related  (71:4).  Consequently,  CAI  cost  effectiveness 
reports  should  be  reviewed  carefully  with  the  above  possible 
fla%rs  in  aind. 

This  researcher  could  find  few  detailed  cost  analyses 
in  the  literature.  Som  researchers  %fould  siaply  equate  CAI 
use  with  cost  effectiveness.  One  study,  which  reported  much 
of  the  costs  associated  with  the  study,  concluded  "The 
results  of  this  initial  study  deMnstrated  that  the  system 
was  utilized,  Mking  it  a  cost-effective  curriculum  tool" 
(42:45).  Clearly,  a  system  that  is  not  used  cannot  be  cost 
effective;  however,  just  because  a  systea  is  used  does  not 
guarantee  it  is  cost-effective.  Indeed,  the  cost  per  hour 


of  student  Instruction  at  the  end  of  the  study  was  approxl- 
nately  $4.20  (rental  cost  divided  by  nunber  of  hours  used) 
(42:45),  a  figure  which  some  would  consider  too  high. 

The  conclusion  of  another  study  report  was  similarly 
flatred.  This  report  made  no  mention  of  costs  until  the 
conclusion  which  contained  the  statement  "since  students  in 
the  computer  group  attained  even  higher  levels  of  mastery  of 
the  content,  these  CAI  modules  %rere  certainly  economically 
advantageous  to  faculty. .  .  .  They  were  also  time-  and  cost- 
efficient"  (72:66). 

Another  consideration  in  performing  cost  analysis  of 
CAI  is  presented  by  Schlechter.  He  reports  study  results 
that  indicate  that  CAI  time  savings  may  be  due  to  self¬ 
pacing,  a  characteristic  of  other  less-expenive  instruc¬ 
tional  methods  such  as  programmed  text  (68:5).  Indeed, 
little  argument  can  be  offered  to  refute  that  if  a  require- 
Bwnt  can  be  met  by  programmed  text  that  it  should  not  be  so 
done.  The  Icey  feature  of  CAI  is  interactivity.  If  an 
Instructional  requirement  demands  interactivity  then  CAI, 
traditional  classroom  instruction,  or  another  interactive 
method  must  be  used. 

Additionally,  CAI  cost  effectiveness  is  not  simply 
answering  the  question,  "Can  we  afford  it?"  CAI  must  be 
compared  to  other  oiethods  that  will  fulfill  the  lesson 
requirements  along  cost  effectiveness  lines.  Thus,  the 
question  the  educational  programmer  must  asli  is  more  like 
the  following,  "Is  CAI  the  most  cost  effective  teaching 


Mthod  of  thoso  Mthods  that  will  adaquatoly  do  the  job?” 
Vhen  doing  this  coaparison,  it  is  iaperative  that  ”all 
potential  costs  for  (CAII  and  the  alternative  nedium  must 
also  be  identified  and  exaained**  (68:11).  Soaw  of  these 
potential  costs  Include  "associated  docuaents  (e.g.,  work- 
books),  and  furniture  (e.g.,  carrels,  tables,  chairs)  all 
(of  which]  need  to  be  financed  and  procured”  (46:32).  Other 
considerations  include  facility  aodif ications  such  as  elec¬ 
trical  hook-ups  and  air  conditioning  as  well  as  huaan 
factors  considerations  such  as  rooa  color  and  lighting 
(46:32-33) . 

The  following  general  guide  is  provided  by  one  group  of 
researchers  to  assess  the  cost  effectiveness  of  CAI : 

1.  Identify  the  costs  of  traditional  instruction. 

2.  Identify  separately  the  costs  associated  with  the 
developsMnt,  inpleswntation,  and  operationalization 
of  CAI  instruction. 

3.  Measure  the  effectiveness  of  trainees  in  the  field 
«rho  are  graduates  of  each  RMsde  of  instruction. 

4.  Identify  the  costs  of  repairing  any  deficiencies 
associated  with  the  current  training  Mthods. 

5.  Coi^Mre  the  two  systeM  to  deteraine  if  the 
investMnt  in  CAI  is  warrented  (46:35-36). 

Additionally,  Schlechter  advises  that  "Cost  analysis 
■ust  be  done  for  each  (CAI)  ia^pleMntat ion"  (68:11).  In 
other  words,  one  cost  analysis  should  not  be  used  to  justify 
a  blanket  adoption  of  CAI  over  other  Mthods. 


In  sunmary,  "research  studies  on  the  cost  effectiveness 
of  CAI  have  been  inconclusive;.  .  .  most  decisions  to 
implement  CAI,  therefore,  are  based  on  the  consideration  of 
(qualitative]  benefits"  (46:36-37). 

Question  6 

What  hardiiare  and  soft%«are  are  necessary  to  build  CAI 
lessons? 

The  tools  required  to  build  and  present  CAI  lessons 
include  both  hardware  (the  physical  equipment  and  components 
of  a  computer  system)  (13),  and  soft%fare  (the  programs  and 
other  instructions  that  govern  the  operation  of  a  computer 
system)  (13).  Hardware  considerations  include  a  variety  of 
factors  such  as  the  computer  input  device,  memory  size, 

CO lor /monochrome  display,  and  interactive  video.  Software 
considerations  include  the  choice  of  the  software  language 
or  program  used  to  develop  the  lesson.  These  specific 
considerations  will  be  addressed  in  more  detail  below. 

S&I  Development  Tools-Hardware.  In  years  past  a 
large  mainframe  computer  was  necessary  to  provide  CAI . 
However,  today  "multi-purpose  microcomputer  systems  offer 
the  ability  to  handle  programming,  CAE  (Computer-Aided 
Engineering),  CAI,  and  soft%rare  development"  (37:741). 

Input  Devices .  Input  devices  are  the  tools  used 
by  the  student  to  Interact  with  the  computer  system  and 
hence  the  educational  program  itself.  Such  devices  include 
light  pens,  joy  sticks,  touch-screens,  thumb-ball,  computer 
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aoustt,  and  keyboard  (11).  Today's  authoring  systeas  "can 
accept  and  analyze  screen  positions  entered  with  cursor 
keys,  light  pen,  mouse,  or  touchscreen"  (47).  The  litera¬ 
ture  does  not  contain  a  great  deal  of  information  about 
input  devices.  Ho%#ever,  input  option  is  a  choice  that 
must  be  compatible  with  the  lesson  design  (39).  A  light  pen 
alone  may  be  a  good  choice  for  pointing  out  objects  in  a 
tutorial  but  not  a  good  choice  for  short  answer  questions  on 
a  subsequent  quiz.  A  touchscreen  "allows  direct  hand/eye 
interaction  and  requires  no  additional  desk  space  or  other 
devices"  (49:4).  Unfortunately,  some  researchers  report 
that  a  "touchscreen  does  not  always  detect  'touches'" 

(49:4).  Army  researchers  found  it  necessary  to  provide 
audio  confirmation  for  students  by  modifying  the  lesson 
program  to  produce  a  clicking  sound  after  each  touch  input 
(49). 

Some  experts  advise  that  multiple  input  means 
may  be  preferable  (39).  For  instance,  a  fire-fighting 
simulation  developed  for  the  APESC  uses  both  a  keyboard  and 
a  touch  screen  to  accept  input  (40).  In  any  case,  the 
choice  of  input  device (s)  must  be  made  dependant  on  the 
instructional  objectives  and  upon  projected  future  needs 
(39). 

Memory.  One  consideration  affecting  hardware 
choice  is  the  amount  of  available  memory,  commonly  called 
random  access  memory  or  RAN,  offered  by  the  computer. 


staple  CAI  epplicationa  such  as  linear  siaulations 
require  little  aeaory  (11).  However,  aore  Involved  applica¬ 
tions  such  as  *coaplex  siaulations  deaand  aore  of  every¬ 
thing*  Including  aeaory  (11:IV7,  39).  Soae  authoring 
systeas  require  a  large  aaount  of  aeaory  to  develop  lessons 
(640K  for  Haestro/PC) /  but  aoch  less  to  execute  thea  (53). 
Thus  the  aschlne  chosen  to  deliver  lessons  could  have  a 
saaller  aeaory,  an  option  tdilch  equates  to  less  cost  than 
the  authoring  aschlne *8.  An  laportant  consideration  regard¬ 
ing  aeaory  Is  to  consider  present  and  future  needs  and  have 
aeaory  enough  available  for  those  naeds  (39).  Soae  experts 
felt  that  In  the  future  aschlne  aeaory  is  not  likely  to  be 
the  stuabllng  block  it  was  In  the  past.  Haw  technology  such 
as  the  videodisc  and  coapact  disc  are  overcoaing  aany  past 
llaltatlons  (39). 

Interactive  Videodisc.  An  application  of  CAI 
receiving  auch  attention  these  days  is  the  coablnatlon  of 
the  coaputer  and  CAI  software  and  the  videodisc  aachine 
(6,  67,  75,  77).  Interactive  videodisc  (IVD)  peralts  the 
display  of  picture  fraaes  and  video  segaents,  and  brings 
sound/voice  into  the  CAI  process.  *The  videodisc  has  a 
nuaber  of  distinct  advantages  when  used  for  interactive 
learning.  It  provides  extreaely  hlgh-denslty  storage  (54,000 
Indlvdual  frasws  per  side),  quick  randoa  access,  and  high 
replicability*  (77:173).  Rose  said  that  IVD  should  be 
thought  of  as  *a  randoa  access,  variable  speed  fila  pro¬ 
jector*  (67:28).  He  further  describes  IVD's  capabilities  as 


slnllar  to  that  of  "a  film  projector  capable  of  infinitely 
variable  speeds  from  three  times  normal  to  still  frames, 
(with]  random  access  to  any  frame  of  a  30  minute  movie  in 
less  than  a  second"  and  with  capability  of  playing  in 
reverse  as  well  (67:32).  The  operation  of  the  videodisc  is 
as  described  below: 

Images  are  carried  deep  within  a  plastic  disk  in  digital 
form  and  read  by  a  low  po%fer  laser  beam.  No  contact  is 
made  on  the  rotating  disk  by  a  needle  or  film  shuttle 
so  the  image  will  not  be  scraped  off.  It  is  almost 
silent  in  operation.  The  accessing  of  frames  and  all 
other  functions  of  the  player  can  be  computer 
controlled  on  most  industrial  models.  [67:33]. 

Verano,  speaking  for  his  collegues  at  the  Air  Force 

Acadeaqf,  said  the  following  of  IVD  with  regard  to  IVD's 

capability  to  enhance  language  instruction: 

We  feel  that  one  of  the  most  promising  developments  in 
approximating  this  interactivity  and  purposeful 
comsmnication  ...  is  the  microcomputer/videodisc 
combination.  With  this  technology  can  cone 
xenaskably  close  to  simulating  an  actual  German  or 
French  or  Spanish  speaking  environment,  creating  a 
aini-%rarld,  as  it  were,  for  the  student,  allowing  him 
or  her  to  interact  with  the  material  being  presented 
(77:172] . 

His  feelings  are  echoed  by  DeBeers,  who  believes 
"videodisc  optical  technology  is  the  wave  of  the  future" 
(14:C10).  Yet  some,  such  as  Gary,  are  not  convinced  that 
IVD  will  be  any  more  effective  than  present  CAI  methods. 

She  said  IVD  is  "very  expensive,  very  inflexible,  and  it 
adds  another  layer  of  complexity.  If  we  don't  understand 
interactivity  yet,  we  don't  need  another  layer  of  complex- 


Despite  doubts  such  as  these,  "the  use  of  video  is 
exploding  in  nnny  organizations'*  (6:27).  As  Bov*  says: 

the  videodisc  enables  trainees  to  go  through 
siaulated  exercises  that  trould  be  difficult  or 
dangerous  to  recreate  realistically.  And,  the 
videodisc  has  proven  effective  in  More  aundane 
Mechanical  and  technical  training  in  which  coaputer 
skills  necessary  for  job  functions  are  built  into  the 
prograa  (6:27). 

Color.  The  use  of  a  color  display  in  CAI  would 

appear  to  be  either  a  nice-to-have  option  or  a  necessity 

depending  on  «rhich  expert  is  consulted.  Conkright  states 

color  aids  in  keeping  the  student's  attention: 

[Color]  holds  his  attention  and  holds  it  longer. 

This  in  turn  greatly  increases  the  chances  that 
the  learner  will  actually  coaplete  the  prograa. .  .  . 

(H laving  coapleted  a  color  prograa,  the  learner  will 
B»ze  likely  evaluate  it  as  a  good  prograa  and  perhaps 
even  tell  [peers]  about  it.  This  of  course  coapletes 
the  loop,  helping  to  activate  others  to  get  started 
[12:166]. 

He  goes  on  to  cite  a  review  of  alaost  30  studies  about 
the  use  of  color  to  provide  iaproved  learning  and  retention, 
conducted  by  Durrett  and  Stisawl,  %diose  aain  conclusion  %«s 
that  "color  should  be  used  selectedly  to  draw  attention  to 
specific  aaterial”  (12:164).  However,  this  study  concluded 
with  a  Miming  that  "too  auch  color  appears  to  be  detri- 
asntal"  (12:164). 

Rose  believes  "color  is  used  effectively  in  aost  of  the 
aodern  software  to  either  differentiate  entries  or  just  to 
aske  the  lessons  less  boring"  (67:27).  Conkright  identified 
several  key  areas  where  the  use  of  color  aay  be  a  critical 


factor 


1.  Vh«t«  th«  subject  content  includes  the  skill  of 


color  discslMination,  such  ss  deteraining  the  aesning 
of  e  certain  color  code  on  wiring  or  the  aesning  of 
a  colored  warning  light. 

2.  Where  there  is  a  need  to  put  a  lot  of  inforaation 
on  a  coaputer  aonitor,  thus  necessitating  the  need  for 
color  so  the  student  can  discriainate  between  blocks  of 
Inforaation.  Here  color  can  aske  it  easier  to  under¬ 
stand  any  graphics  in  the  lesson. 

3.  Where  there  will  be  three  diaensional 
representations.  "See-through  drawings  and  coaplex 
surface  contouring  done  in  aonochroae  can  be  extreaely 
difficult  to  interpret.  Additional  colors  for  each 
layer  greatly  assist  the  user." 

4.  Where  there  will  be  realistic  siaulations  and 
aniaation.  These  aaplify  the  need  for  color.  "Color 
increases  the  fidelity  or  realisa  of  nearly  every 
siaulation"  (12:166-68). 

Finally,  Alessi  and  Trollip  recoaaend  the  use  of  color 
to  provide  eaphasis  in  tutorial  CAI  (4:83). 

sal  Developaent  Tools-Sof tware  Choices.  Besides  hard- 
%«ess,  there  are  two  other  variables  in  the  CAI  lesson 
developaent  process:  who  does  the  lesson  developaent  and 
what  tool  (software)  they  use.  Briefly,  the  first  variable 
is  basically  a  choice  froa  a  range  of  people,  starting  with 
the  subject-aatter  expert  (8HB)  alone  or  «#orking  with  a  teaa 
consisting  of  the  BHKs),  aeasureaent  specialists,  aedia 
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specialists,  pro^rsMMKS,  CAX  daslqnacs  (40,  and  *svan 
paxsonnal  outside  the  orpenisation  such  as  occupational 
survey  specialists  frosi  the  UfAP  Occupational  Heasuceaent 
Centex*  (17:1-5).  Keanex-Bichexdson  et  al.  outline  four 
types  of  lesson  developaant  groups:  *the  inpired  proqtasMsc- 
euthor,  the  traditional  developaent  teas,  the  coaputer- 
aupported  davelopaant  taaa,  and  the  coapu tax -guided  author* 
(45:27-29).  The  SMI  can  be  an  acadeaic  instructor  or  a 
recognised  expert  outside  of  acadeaia.  The  CAI  designer  is 
an  expert  in  course  foraulation  for  presentation  via  the 
coapu ter . 

The  second  variable  is  the  choice  betueen  four  types  of 
soft%Mra  tools  available  for  lesson  davelopaant.  Those 
software  tools  include  higher  order  languages,  authoring 
languages,  authoring  systeas,  and  design  systeas  (45:40). 

Hiahar  Qrdar  Languages .  *A  higher  order 
language  is  a  general-purpose  coaputer  language  that  can  be 
used  for  a  variety  of  applications,  including  the  develop- 
aent  of  CAI  courseware*  (45:75).  Higher  order  languages  are 
the  popular  prograaaing  languages  such  as  BASIC,  COBOL, 
FORTRAN,  and  Pascal.  Use  of  such  languages  has  certain 
advantages  and  disadvantages. 

On  the  plus  side,  higher  order  languages  tend  to  be 
relatively  inexpensive  froa  the  view  of  soft%#are  costs.- 
Many  coaputers  coae  with  such  languages  included  at  no  extra 
cost.  A  second  advantage  of  such  languages  it  that  lessons 
developed  using  such  languages  tend  to  be  easily  transport- 


•bl«  froa  on*  aachln*  to  anotlioc  vlth  littlo  or  no  chanqos 
to  tho  pro^raa  codo.  For  inotanco,  a  laaaon  writtan  in  Wang 
•AIIC  Cor  a  Wanq  coaputar  ayataa  can  ba  aaaily  aodiCiad  to 
ran  on  BAtlC  on  a  Xanith  ayataa. 

On  tha  othar  hand,  bacauaa  auch  lanquaqaa  contain  no 
coaaanda  apacific  to  CAX,  avan  tha  aiaplaat  of  actiona 
raquiraa  a  qraat  daal  of  proqraaainq  coda.  A  aacond 
diaadvantaqa  of  hiqhar  ordar  lanquagaa  ia  that  a  qraat  daal 
of  proqraaainq  axparianca  and  a  qraat  daal  of  tina  ara 
nacaaaary  to  davalop  avan  tha  aoat  alaaantary  of  laaaona. 
Thirdly,  onca  davalopad,  a  CAI  laaaon  will  ba  vary  difficult 
to  Modify  or  updata  bacauaa  of  tha  aixa  and  conplaxity  of 
tha  proqraa.  Finally,  axtanaiva  traininq  ia  raquirad  Cor 
tha  non-proqraMMr  (lika  tha  aubjact  nattar  axpart)  to  ba 
abla  to  uaa  a  hiqhar  ordar  lanquaqa  indapandantly  of  a 
proqraaBMr.  Thua  tho  uaa  of  a  taa*  approach  to  laaaon 
davalopnent  la  virtually  raquirad. 

Authoring  Lanauagaa .  An  altarnativa  to  a  hiqhar 

ordar  lanquaqa  ia  an  author inq  lanquaqa.  Kaanar-Richardaon 

at  al.  daacriba  an  author inq  lanquaqa  aa 

...  a  apodal 'purpoaa  conputar  lanquaqa  apacific 
to  tha  davalopaant  of  CAI.  Tha  coMnand  atructura 
of  an  author inq  lanquaqa  ia  apacific  to  tha  inatruc- 
tional  functiona  that  ara  nacaaaary  to  praaant  taxt 
or  qraphica,  accapt  atudant  input,  avaluata  atudant 
input,  and  branch  proqran  control  baaad  on  tha  input 
auida  (46:831. 

Thara  ara  nany  couBMrcially  available  author inq  lanquaqas, 
aach  davalopad  for  a  apacific  piaca  of  coaiputar  hardiMira. 

For  axanple,  PC/Pilot  ia  available  for  tha  IBM  Peraonal 


Coaputcr  or  Its  clones and  MacPllot  is  available  for  the 
Apple  Macintosh  (65).  As  with  higher  order  languages, 
authoring  languages  have  their  advantages  and  disadvantages. 

Authoring  languages  have  an  advantage  over  higher  order 
languages  In  that  they  offer  additional  cossMnds  that 
address  functions  unlgue  to  CAI.  Sobm  of  the  functions 
available  In  an  authoring  language  nay  Include  sound 
generation,  waiting  for  a  specific  tlsw  period  to  elapse, 
SMlntalnlng  a  student  record  on  file,  Matching  a  student's 
answer  against  a  file  of  acceptable  ans%fers,  or  branching  or 
jnaf>lng  to  another  destination  In  the  lesson  (65).  Any  of 
these  functions  could  be  executed  by  a  slaple  coasMnd  as 
opposed  to  the  string  of  cosMands  that  would  be  necessary  to 
execute  a  slallar  action  by  a  higher  order  language.  Thus 
the  use  of  an  authoring  language  results  In  an  overall 
ssMllar  prograsi  to  present  a  given  lesson.  Moreover,  a 
lesson  developed  using  an  authoring  language  Is  easier  to 
Modify  or  update  because  the  prograa  code  Is  less  coapli- 
cated  than  that  associated  with  higher  order  languages. 
Finally,  authoring  languages  are  usually  designed  to  operate 
with  and  support  a  variety  of  external  devices  such  as: 
Mouse,  touch  screen,  light  pen,  coMpact  disc,  and  videodisc 
(65). 

One  disadvantage  associated  with  an  authoring  language 
is  the  costs  involved  with  its  use.  Such  costs  usually  go 
beyond  purchase  price  and  can  Include  cos^tllcated  licensing 
arrangeMents  based  on  the  nuMber  of  sites  using  the  software 
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OS  th*  nuabcr  o£  lessons,  and  copies  of  these  lessons, 
produced.  A  second  disadvantage  is  the  requirement  for 
training  or  experience,  by  the  lesson  developer,  with  the 
language  itself.  Finally  a  lesson  developed  using  an 
authoring  language  is  usually  machine^specif ic,  meaning  it 
will  only  operate  on  one  specific  type  of  coBq>uter  (or  any 
other  computer  the  emulates  that  computer ) . 

Authoring  Systems.  An  authoring  system  is  essen¬ 
tially  a  program  that  allo%m  for  the  development  of  CAZ 
lessons  by  the  use  of  prompts,  smnus  (smy  be  graphically 
based  using  a  series  of  icons  and  a  computer  mouse),  and 
help  sequences  (46:68).  Authoring  systems  produce  a  spec¬ 
ially  formatted  database  consisting  of  the  blocics  of  lesson 
sMterlals  as  well  as  quizzes,  answers,  remedial  sections, 
and  all  instructions  necessary  to  connect  these  blocics 
together  as  the  lesson  developer  intended.  Authoring 
systems  are  generally  broken  into  two  parts.  The  first,  the 
authoring  program,  "leads  the  author  through  the  creation  of 
a  lesson  database."  The  second,  the  delivery  program, 
takes  "the  creative  database  and  conveys  it  as  a  lesson" 
(46:90)  to  the  student.  Authoring  systems  have  their  otm 
advantages  and  disadvantages. 

One  advantage  of  an  authoring  system  is  its  efficiency. 
Gordon  Schleicher  states  "Authoring  systems  .  .  .  have  been 
sho%m  to  reduce  the  time  needed  to  %n:ite  a  CAI  lesson  by  up 
to  90  percent"  (69:20)  over  other  methods.  A  second 
advantage  is  ease  of  use.  Authoring  systems  are  menu 


driven,  «  fact  idilch  allo%«  the  lesson  writer  to  slaply  pick 
a  function  fron  the  swnu  to  invoke  an  action  or  routine.  A 
third  advantage  is  the  siinisMl  training  tisM  necessary  to 
Mster  such  systeas.  Kesver -Richardson  et  al.  state  that 
"the  effective  use  of  an  authoring  system  can  usually  be 
gained  in  one  week;  %iherea8  ...  as  long  as  one  year  [is] 
needed  for  the  effective  use  of  an  authoring  language* 

(46:88) . 

One  aajor  disadvantage  of  authoring  systems,  like 
authoring  language,  is  the  associated  costs.  Front  end 
costs  for  the  program  itself  will  be  expensive,  and 
licensing  costs  will  add  to  this  basic  price.  In  some 
instances,  these  licensing  costs  can  diMrf  the  actual 
program  costs.  A  second  disadvantage  is  the  loss  of 
flexibility  to  the  lesson  developer.  Authoring  systems 
require  the  «rriter  to  follow  a  predefined  format  and  use  the 
functions  specified  by  the  system,  %d)ich  may  not  be  ideal  to 
the  lesson  at  hand.  Finally,  authoring  systems  are  machine 
specific,  like  authoring  languages.  Thus  a  lesson  developed 
on  one  type  of  computer  will  not  run  on  another  (78). 

Design  Systems .  The  last  software  choice  avail¬ 
able  to  the  lesson  developer  is  a  design  system.  Design 
systems  are  an  extension  of  authoring  systems  in  that  they 
"organise  the  content  of  a  lesson,  course,  or  curriculum  on 
the  basis  of  a  learning  model  and/or  instructional  model 
appropriate  (to)  .  .  .an  area  of  instruction  (i.e.  suinagement 
training,  electronics  trouble  shooting,  mathematics,  etc.)* 


(46:92).  Bsscntially,  the  lesson  developer  will  have  a 
series  of  systesatic  design  processes  to  choose  frosi  (or  the 
design  system  will  be  orientated  to  some  specific  subject) 
one  of  which  is  more  appropriate  for  the  subject. 

The  design  system,  then,  has  all  the  advantages  and 
disadvantages  of  an  authoring  system,  but  has  an  added 
advantage  of  allowing  the  lesson  developer  to  choose  the 
lesson  design  process  most  appropriate  to  the  subject. 

This  chapter  presented  ans%fers  to  the  second  three 
investigative  questions  concerning  the  educational  Impact  of 
CAI. 

The  answer  to  question  four  discussed  the  educational 
effectiveness  of  CAI  from  two  standpoints,  student 
achieveswnt  and  instructional  time,  and  presents  studies 
which  indicate  that  CAI  results  in  improvements  in  both 
aspects  over  conventional  instruction. 

The  answer  to  question  five  discussed  the  cost 
effectiveness  of  CAI.  In  general,  it  was  shown  that  few 
good  cost  analyses  of  CAI  have  been  performed.  Moreover, 
some  ideas  relating  to  the  method  of  performing  better  cost 
analyses  vmxm  presented. 

The  ans%fer  to  question  six  discussed  the  tools 
necessary  to  build  CAI  lessons.  Both  hardware  and  software 
considerations  were  presented. 


The  purpose  of  this  chapter  is  to  present  and  examine 
issues  relative  to  the  application  of  CAI  to  Air  Force  Civil 
Engineering  instructional  requirements.  Specifically,  the 
researcher  Investigated  how  others  have  used  CAI,  how  the 
decision  to  choose  CAI  as  an  instructional  methodology  could 
be  modeled,  and  how  the  '*Vang  VS*  computer  compared  to  the 
*2248*  as  a  CAI  authoring  and  delivery  device.  These  are 
the  final  three  investigative  questions  presented  in  the 
methodology. 

flUlEtlQU-I 

How  has  CAI  been  used  by  others  to  meet  training  and 
educational  requirements  similar  to  those  of  Air  Force  Civil 
Engineering? 

CAI  has  been  and  is  being  used  to  provide  instruction 
across  a  great  many  subject  areas.  From  1984  to  1985, 
Electronic  Learning  magazine  reviewed  and  reported  instruc¬ 
tional  software  and  applications  for  subjects  such  as  social 
studies,  writing,  foreign  languages,  math  and  problem  sol¬ 
ving,  general  science,  vocational  educational,  business 
education,  and  arts  and  music  (50).  Unfortunately  for  Civil 
Engineering,  much  of  this  software  Is  geared  to  elementary 
and  secondary  school  requirements.  Besides  the  above  appli¬ 
cations,  studies  mentioned  thus  far  in  this  thesis  covered 
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such  wldsly  dlvsrgsnt  applications  as  pollca  officer 
training  (83)  and  foreign  language  instruction  (44). 

Civil  inqineerinq  Instructional  Requirements.  Before 
reviewing  the  literature  it  was  necessary  to  define  Civil 
Engineering  instructional  requirements.  Current  Civil 
Engineering  instructional  requirements  are  essentially 
brolcen  into  two  broad  categories:  vocational-style  techni¬ 
cal  training  for  the  base-level  craftsmen,  technicians,  and 
specialists  of  a  BCE  organization  (38)  and  undergraduate  to 
graduate  level  education  for  Civil  Engineering  officers, 
senior  NCOS,  and  civilian  managers  (80).  Civil  Engineering 
training  is  oriented  to  fulfulllng  the  day-to-day,  peacetime 
requirements  for  real  property  maintenance.  Civil 
Engineering  education  is  oriented  to  lieeping  people  current 
on  today’s  technology,  to  prepare  for  tosmrrow's 
challenges  (60),  and  to  provide  skills  not  already  obtained. 

In  the  future.  Civil  Engineering  instructional  require- 
smnts  are  very  likely  to  expand.  The  former  Dean  of  the 
JIPIT  School  of  Civil  Engineering  and  Services,  Colonel 
Marshall  May,  advocates  expanding  the  traditional  range  of 
Civil  Engineering  training  and  education  to  include  expanded 
readiness  training  and  education,  and  foreign  language 
Instruction  (60). 

In  this  section,  training  and  education  have  been 
addressed  separately.  Applications  of  CAI  that  i#ere  similar 
to  the  above  requirements  have  been  reported.  Readiness 
training,  as  Colonel  Nay  described,  could  Include  equipswnt 
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familiaKizatlon  for  all  civil  Engineering  personnel  Includ¬ 
ing  officers  (60).  Consequently,  the  traditional  Instruc¬ 
tional  requirements  mentioned  In  the  previous  paragraph  may 
undergo  drastic  expansion  in  scope.  Thus,  CAI  applicability 
to  some  of  these  proposed  requirements  was  considered. 

Technical  Training.  According  to  researchers, 

CAI  training  applications  at  the  technical  level  in  the 
private  sector  did  not  appear  to  be  extensive.  For 
Instance,  Hata  reported  the  results  of  a  survey  of 
engineering  technology  programs.  He  indicated  that 
"seventy-five  percent  of  the  programs  reported  no  use  of  CAI 
materials  within  the  curriculum"  (37:740).  Hata  also  re¬ 
ported  that  of  those  within  the  electronic  technical  train¬ 
ing  field  that  do  use  CAI  "the  areas  in  which  CAI  is  being 
used  are  basic  electric  circuits,  digital  logic,  and  elec¬ 
tronic  devices"  (37:740). 

Other  reported  vocational  applications  of  CAI  are  to 
"identify  parts,  review  safety  rules,  and  learn  operating 
procedures"  (50:42).  Some  experts  have  created  vocational 
CAI  tutorials.  Leiske  mentions  one  tutorial  whose  subject 
concerned  «relding  with  an  acetylene  torch  (50:42). 

One  promising  method  of  using  CAI  to  provide  or  assist 
in  technical  training  is  the  use  of  a  computer  to  simulate  a 
piece  of  equipment.  A  similar  application  is  the  use  of  a 
conv)uter  to  control  a  piece  of  equipment  (testing  equipment, 
for  example)  and  present  a  variety  of  problem  situations  to 
the  student.  Stephenson  reported  on  the  success  of  this 


method  of  using  a  computer,  CAI  software,  and  an  interface 
device  to  provide  technical  training  on  the  use  of  sophisti¬ 
cated  testing  equipment  (75).  The  computer  can  sense  the 
equipment's  settings,  provide  a  simulated  testing  scenario, 
and  directly  .critique  student  actions  (75).  "In  such  a  CAI 
system,  the  individual  instru-ments  will  act  as  talkers  or 
listeners  .  .  .  but  the  controlling  computer  now  has  an 
added  role  to  play,  namely  that  of  'teacher'"  (75:6-8). 

Stephenson  contends  that  the  interface  device  between 
an  instrument  and  a  CAI  computer  gives  the  instrumentation 
instructor  a  "CAI  capability  of  unlimited  potential"  (75:6). 
He  further  envisions: 

.  .  .  an  AI  (Artificial  Intelligence)  system  being  used 
to  teach  a  student  how  to  use  an  instrument  he  or  she 
has  never  seen  before,  by  starting  with  general 
precautions  and  initial  'power-up*  control  settings, 
continuing  through  the  functions  of  the  various 
controls,  and  leading  up  to  the  subtleties  of 
interpreting  data  from  the  instrument  when  used  to 
observe  the  output  from  other  components  in  the  AI 
system  or  from  a  test  circuit  the  student  has  built 
(75:8). 

This  method  of  instruction  has  potential  application  to 
Civil  Engineering  technicians  who  deal  with  instrumentation 
and  equipment  calibration.  Consequently,  this  method  is 
being  investigated  by  the  Air  Force  Civil  Engineering  and 
Services  Center  (38).  If  pilot  studies  underway  indicate 
that  this  is  a  viable  training  method  for  Civil  Engineering, 
then  technical  trades  such  as  heating,  refrigeration, 
controls  and  alarms,  and  power  production,  which  have  been 
initially  identified  by  Civil  Engineering  Educational 


Pro9x«MMrs,  vlll  have  thaix  tralniaf  xa««ilxaaaata  ravla«iad 
for  accoaipllsIuMint  by  this  aatbod  (3t). 

Air  Porca  raaaarcbars  bava  alraady  daaoastratad  that 
stodaats  parfora  at  laaat  aqually  tMll  oa  aqalpawat  aiaMla- 
toxa  as  on  tha  actual  agnipaaat  Itsalf  and  in  scmm  xapards 
studants  paxfoxa  battax  (SS).  Massay  found  that  studants 
txainad  on  an  aqulpaant  slaulatox  (fox  tha  Sttl  tast 
station)  *tand  to  pax fora  battax  on  troublashootlng  pxob- 
loan”  (55:11177). 

Hhila  tha  lltaratuxa  doas  not  indicata  a  graat  daal  of 
actual  CAl  training  applications,  training  using  CAl  in  tha 
militaxy  has  baan  fairly  axtantivaly  axnlorad  by  all  sarvica 
branchas.  Tha  Arii^  has  usad  CAl  to  provida  conbat  vahicla 
Idanti float ion  training  (34).  Moxaovax,  tha  Axay  has 
tastad,  and  found  %roxkabla,  tha  usa  of  CAt  to  provida 
training  in  arnox  platoon  tactics  by  way  of  siwilation  (49). 
They  hava  also  davalopad  and  tastad  a  snail  arns  vaapon 
trainar  which  usas  a  light  pan  attachad  to  a  waapon  to  fira 
at  conputar  ganaratad  targats.  Tha  Arny  axpacts  to  usa  this 
device  to  provide  training  on  the  N15A1  rifle,  H203  grenade 
launcher,  M72A2  light  antitanic  waapon,  and  Hark  19  autonatic 
grenade  launcher  ( 70 ) . 

The  Air  Force  Engineering  and  Services  Canter  (APISC) 
is  also  exploring  the  use  of  CAl  to  neat  training  needs  (38). 
Simulation  CAl  prototypes  for  firefighters  are  under 
davalopnant  (35).  One  has  alraady  been  davalopad  and  tastad 
that  is  based  on  fighting  a  fire  on  a  C141  aircraft.  Re- 


ports  indicato  that  tha  siaulation  is  highly  successful  at 
training  firefighters  on  the  tactics  necessary  to  combat 
C141  fires  (40).  MFESC  educational  progransMrs  are  in  the 
process  of  developing  a  second  simulation  based  on  an  P15 
aircraft.  Presently,  they  are  also  deciding  «rhat  hardviare 
to  purchase  and  distribute  to  allow  delivery  of  these 
lessons  at  individual  bases  (35). 

Another  application  being  explored  by  the  AFBSC  relates 
to  readiness  training.  Experts  have  developed  a  prototype 
rapid  runway  repair  (RRR)  training  simulation  for  RRR  team 
chiefs  and  crater  chiefs.  Their  purpose  is  to  provide  the 
RRR  chiefs  with  a  better  understanding  of  the  RRR  process 
and  their  role  in  it  (66). 

Moreover,  APK8C  programmers  have  hired  a  firm  to  develop  a 
training  lesson  for  heating  systems  specialists  (38).  This 
lesson  is  aimed  at  providing  boiler  troubleshooting  training 
for  the  Air  Force  heating  systems  technician  similar  in 
style  to  the  equipment  simulators  discussed  earlier  (38). 

In  sumsMry,  the  vocational  or  technical  level  use  of  CAI 
does  not  appear  to  be  %#ell  established.  Few  existing  CAI 
applications  have  been  reported  in  the  literature  that 
directly  meet  the  requirements  of  Air  Force  Civil  Engineer¬ 
ing.  Ho%>ever.  there  may  be  nusMrous  potential  applica¬ 
tions,  some  of  %rhich  are  being  presently  explored  by  the 
AFBSC  and  others.  Current  research,  especially  by  the 
Department  of  Defense,  nay  identify  other  potential  appli¬ 
cations. 
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Bducatlon.  The  educational  uses  of  CAI  are  well 
discussed  in  the  literature.  Unfortunately,  as  owntloned 
earlier,  nany  of  these  applications  are  at  the  primary  and 
secondary  educational  levels.  A  review  of  a  courseware 
catalog  such  as  Educational  Home  Software 

Catalog  illustrates  the  variety  of  educational  micro¬ 
computer  soft%rare  available  today  and  the  proportion  of  it 
designed  for  the  elementary  and  secondary  level  student 
(  23 ) . 

However,  not  all  CAI  educational  sof^rare  is  at  the 
secondary  level.  The  Air  Force  Academy  uses  CAI  to  assist 
in  undergraduate  level  aptitude  testing  to  allow  proper 
placement  of  students  at  a  level  appropriate  to  their 
present  knowledge  (25).  Bnger  et  al.  believe  their 
"Fundamentals  Testing  Program,  is  by  far  (their!  most 
ambitious  and  one  of  (their!  most  successful  CAI  efforts  to 
date"  (25:135).  Other  academy  CAI  applications  include  the 
use  of  graphical  computer  demonstrations  in  calculus  to 
help  students  "get  a  better  understanding  of  some  basic 
concepts . " 

Rose's  analysis  of  the  suitability  of  CAI  in  the 
engineering  curriculum  at  the  Naval  Post  Graduate  Institute, 
led  him  to  state  "undergraduate  level  courses  reviewing  the 
basic  engineering  disciplines  are  usually  considered  to  be 
the  best  candidates  for  CAI  introduction"  (67:25).  Much  of 
the  instruction  given  at  the  AFIT  School  of  Civil 
Engineering  and  Services  (80CES)  is  equivalent  to  lower 
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graduate/upper  undergraduate  level  engineering  or  aanage- 
aent  Instruction  (60).  These  courses  are  specifically 
tailored  to  the  skills  needed  by  the  Civil  Engineering 
of fleer /aanager  in  his/her  specialty.  Often  these  courses 
review  the  basic  fundaaentals  of  the  acadealc  area  prior  to 
actually  introducing  new  aaterial  to  the  student.  For 
instance/  in  the  electrical  engineering  courses  the  first 
day  is  devoted  to  the  review  of  electrical  fundaaentals 
(26).  CAl  is  being  considered  by  AFIT  instructors 
as  a  aeans  of  providing  review  of  subject  fundaaentals  for  a 
potential  student  at  the  hoae  base  before  he  or  she  gets  to 
AFZT  (26).  This  would  reduce  the  tiae  the  student  is  on 
teaporary  duty  at  the  educational  Institution  (or  perait 
aore  lesson  aaterial  to  be  presented)  and  perait  the 
instructor  to  concentrate  on  his/her  presentation  of  the  new 
subject  aaterial. 

Another  undergraduate  level  application  of  CAI  is 
related  to  foreign  language  instruction.  Johnson  and 
Osguthorpe  reported  that  CAl  has  been  used  as  a  aethod  to 
provide  foreign  language  instruction  (44).  CAI/  in  the 
language  lab  role/  proved  to  be  far  superior  to  the  typical 
language  audio  tape  with  regards  to  knowledge  achieveaent 
and  student  attitude  (44).  Students  could  "physically" 
respond  to  foreign  language  coasuinds  by  way  of  aanipulation 
of  figures  on  the  coaputer  aonitor  (44).  ThuS/  given  the 
coasiand  in  (leraan  to  "Pick  up  the  book/"  a  student  could 
actually  pick  up  the  book  (for  instance/  with  a  aouse)  and 


Msnlputat*  It  as  Instructed  by  the  lesson.  The  Air  Force 
Acadeay  is  also  experiaenting  with  CAI  in  the  foreign 
language  instruction  area. 

However,  not  all  higher  level  educational  CAI 
applications  are  liaited  to  fundaaentals  reviews  such  as 
those  aentioned  above.  Graduate  level  uses  of  CAI  have 
been  reported.  Vharton  %#rote  that  the  Harvard  Law  School 
has  used  CAI  extensively  to  aid  in  legal  case  study 
analysis  (81).  Moreover,  CAI  %#as  used  to  provide  siaulated 
legal  situations  and  probleas  that  students  would  solve 
(81).  Additionally,  Mlchail  and  RovicJi  used  CAI  in  physi¬ 
ology  instruction  to  "assist  in  the  achieveaent  of  aany  of 
the  goals  of  live  aniaal  experlaent"  by  way  of  siaulatlons 
of  cardiovascular  and  aechanical  auscle  response  (58:24). 

In  suasMry,  %rhlle  the  potential  educational  applica¬ 
tions  of  CAI  appear  to  be  extensive,  little  existing 
software  is  available  to  aeet  Civil  Engineering  educational 
reguireaents .  However,  aany  parallel  applications  have 
been  noted,  such  as  fundaaentals  review,  case  study  analy¬ 
sis,  and  foreign  language  faailiar Ization  (if  this  becomes 
a  Civil  Inglneering  educational  requireaent ) . 

Qyu.tign  9 

Vhat  is  the  step-by-step  process  by  which  a  specific 
Civil  Engineering  lesson  would  be  evaluated  for  CAI  develop 


Olvan  th«  factors  pcasantad  thus  far  In  this  docuMnt 


and  tha  additional  factors  about  to  ba  Introducad,  an 
analysis  of  tha  daclslon  procass  concarnlng  tha  adoption  of 
CAl  as  an  Instructional  SMdiusi  %fas  conductad. 

Assunotlona.  Tha  approach  usad  «ms  to  taka  a  hypo- 
thatlcal  Civil  Inginaaring  instructional  raquireswnt  and 
analyxa  tha  dads  ions  and  actions  that  %rould  ba  nacassary 
in  tha  avaluation  procass  leading  up  to  the  decision  to 
adopt  or  reject  CAl  as  the  «eans  of  lesson  acconplishSMnt . 

A  starting  assusgitlon  %mis  that  this  hypothetical  instruc¬ 
tional  require»ent  was  a  valid  one  that  was  beyond  the 
scope  of  BK>re  inforsial  instructional  techniques  such  as  on- 
the-job  training  (OJT).  In  other  words,  tha  analysis  that 
%rould  lead  to  the  acceptance  or  rejection  of  a  perceived 
instructional  requlresent  as  a  genuine  one  has  been  cos- 
pleted.  The  result  of  this  analysis  is  assusMd  to  verify 
the  requlrenent  as  a  worthy  one.  The  decision  steps 
necessary  to  detersiine  if  a  particular  requirement  is  valid 
are  covered  in  soma  detail  in  APM  50-2,  Instructional 
System  Devalopmant  (17);  hence,  they  ware  not  repeated 
hare. 

Additionally,  this  researcher  assumed  that  tha  instruc¬ 
tional  requirements  %fere  all  clearly  identified  prior  to  the 
start  of  the  process  of  choosing  the  instructional  method¬ 
ology.  Thus,  the  instructional  goal,  the  Instructional 
objectives,  the  target  population,  and  that  population's 
characteristics  i#ere  all  assumed  to  be  known. 


One  final  assuMptlon  nade  by  this  researcher  nust  be 
Introduced >  This  assumption  tias  that  quantitative  and 
qualitative  factors  play  an  equal  role  In  the  decision 
process.  In  other  i#ords,  rejection  on  the  basis  of  costs 
IMS  as  final  a  rejection  as  that  on  the  basis  of  qualita¬ 
tive  considerations.  In  reality,  qualitative  considera¬ 
tions  may  be  overrldinq.  If  CAI  was  the  most  "achievement 
effective"  method  for  an  lBq>ortant  Instruction  requirement, 
then  costs  would,  more  than  likely,  play  a  less  Important 
role  in  the  final  decision  of  an  Instructional  methodology. 
Mention  of  this  possibility  Is  made  In  the  quantitative 
portion  of  the  CAI  adoption  decision  model  (Figure  6). 

A  specific  instructional  requirement  %«a8  used  as  an 
example  In  order  to  better  lead  the  reader  through  the 
process.  This  requirement  concerned  heating  systems  repair 
specialist  training  for  the  heating  APSC  (Air  Force 
Specialty  Code).  This  example  was  chosen  because  It  was  the 
subject  matter  picked  by  the  AFBSC  for  the  prototype 
training  program  it  is  currently  developing. 

Media  Selection  Process .  McConvllle  concluded: 

Generally  the  Internal  steps  of  most  media 
selection  schemes  are  less  visible  ...  This 
causes  media  (selection)  decisions  to  be 
developed  into  a  pool  of  acceptable  choices 
i#here  cost  Is  the  Mjor  determiner  of  the 
training  system  selected.  A  more  educationally 
sound  method  Is  to  combine  the  training 
efficiencies  and  cost  efficiencies  of  the  media 
selection  modal  into  a  training  measure  of 
effectiveness  that  can  be  used  to  determine  the 
best  training  system  for  the  student  learning 
situation  (56:269). 
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Hence,  the  evaluation  of  CAI  as  an  instructional  Mthod 
must  involve  considerations  besides  cost,  such  as  population 
characteristics,  alternate  methods  of  instruction,  hard%Mire 
availability,  soft%«are  availability,  organizational  set¬ 
tings,  and  numerous  other  factors. 

Stephens  revleiied  25  CAI  studies  and  identified  113 
factors  from  these  that  %rere  reported  to  affect  the  choice 
of  CAI  as  an  Instructional  methodology  (74).  He  consolida¬ 
ted  these  and  separated  his  resulting  list  of  factors  into 
three  categories:  efficiency,  effectiveness,  and  practica¬ 
lity  analysis  factors  (74:61-64).  As  depicted  in  his  model, 
efficiency  analysis  primarily  involved  cost/benefit  analy¬ 
sis,  effectiveness  involved  factors  related  to  coursetMre 
development  and  the  net  effect  on  learning,  and  practicality 
involved  such  factors  as  student  attitudes,  student  popula¬ 
tion,  and  logistics  considerations  (74:58). 

Ho%wver,  the  distinctions  Stephens  presented  appear  to 
overlap.  For  Instance,  characteristics  of  the  student 
population  was  a  major  factor  in  the  cost  analysis  and  in 
the  practicality  analysis.  The  analysis  presented  in  this 
document  will  divide  the  factors  into  t%ro  broad  categories, 
qualitative  considerations  and  quantitative  (or  cost)  con¬ 
siderations. 

Qualitative  Considerations.  Qualitative  analysis  of 
CAI  involves  a  look  at  the  suitability  of  CAI  to  meet  the 
instructional  objectives.  This  researcher  felt  that 
qualitative  analysis  should  come  before  quantitative 


analysis  bacauss  there  would  be  no  reason  to  conduct  the 
quantitative  analysis  If  CAI  was  not  an  adequate  Instruc¬ 
tional  Mthodoloqy.  The  reverse  Is  not  necessarily  true. 

If  CAI  Is  not  the  Most  cost-effective  Methodology,  then 
qualitative  analysis  irauld  still  be  in  order  to  deternine 
if  CAI  would  Meet  instruction  objectives. 

Qualitative  analysis  will  include  a  review  of  the 
population's  characteristics,  consideration  of  the  tine 
constraints,  consideration  of  resource  constraints,  and  a 
review  of  the  subject  anterial  to  see  if  it  is  suitable  for 
CAI  delivery. 

Population  Characteristics.  One  qualitative 
issue  involves  the  receptivity  of  the  target  population  to 
CAI  delivered  instruction.  Sons  people  are  less  receptive 
to  instruction  via  conputer  because  of  fears  resulting  fron 
either  unfaniliarity  with  cosq^uters  or  as  a  result  of 
gender  differences  (63).  With  regard  to  the  latter, 

Parker  and  Vidner  stated  that  "fenales  were  more  likely 
then  males  to  fear  taking  a  computer  course"  (63:306). 
Moreover,  "evidence  is  emerging  to  suggest  that  computers 
at  the  precollege  level  are  being  male  dominated"  (63:306). 
Jay  calls  this  general  fear  of  computers  phenomenon, 
"computerphobia"  (41),  while  others  such  as  Schlechter  call 
it  "conputer  anxiety"  (68).  Before  CAI  can  be  adopted  as 
an  instructional  method,  the  lesson  developer  must  be  able 


to  ansifer  the  question  "Is  the  target  population  one  %rhose 
characteristics  have  been  identified  as  being  unreceptlve 


to  Coaputor  Assisted  Instruction?*  A  nsqstivs  snsvsr  is 
laportant  because  people  not  receptive  to  CAI  are  less 
likely  to  learn  than  those  %#ho  have  no  resistance  to  CAI. 

As  Knapper  (as  quoted  by  Clesants)  reported,  "Students 
resistant  to  coaputer  iapleaented  instruction  at  the  begin¬ 
ning  of  a  course  learn  less  than  they  %K>uld  with  tradi¬ 
tional  instructional  aethods*  (10:28). 

Focusing  on  the  exaaple  population  of  heating  systeas 
technicians,  one  could  conclude  that  there  %M>uld  be  little 
resistance  to  CAI  because  of  gender.  Virtually  all  heating 
technicians  are  aale  (a  1  Septeaber  1987  poll  of  the  Heat 
Shop  and  Heat  Plants  at  vrlght-Patterson  APB  Indicated  that 
of  190  personnel,  none  %Mre  feaale).  Moreover,  these 
craftsaen  deal  with  electronic  testing  equlpaent,  are  aech- 
anically  inclined,  and  have  been  exposed  to  today's  heating 
systeas  controls  and  technology  which  is  largely  aicropro- 
cessor  based.  In  suaaary,  one  would  expect  little  overall 
resistance  froa  heating  technicians  toward  CAI  as  an 
instructional  aethodology. 

XIm.  Constraints.  As  reported  earlier,  Moyer 
states  that  "Technical  probleas  in  presenting  inforaation 
(aayl  aake  it  iapractical  to  be  presented  by  the  coaputer" 
(59:12).  One  of  these  probleas  Includes  tiae  (59).  Two 
kinds  of  tiae  constraln*:s  can  coae  into  play.  First, 
there  aay  be  a  Halted  aaount  of  tiae  on  the  part  of  an 
expert  or  group  of  experts  to  develop  a  CAI  lesson.  The 
aaount  of  tiae  to  develop  a  CAI  instructional  lesson  can 


ran9«  froa  2S  to  300  hours  per  contact  hour  o£  lesson  (46). 
Second,  there  aay  be  insufficient  tine  bet%«een  the  identi¬ 
fication  of  the  instructional  requireaent  and  the  tiae 
the  instruction  is  required  by  the  population.  For, 
instance,  the  identification  of  a  safety-related  problea  may 
require  that  iaawdiate  instruction  be  given  to  all  those 
concerned  to  prevent  an  accident  or  injury. 

Thus,  the  question  "Can  the  instructional  requirement 
wait  the  time  required  to  prepare  a  CAI  lesson?"  must  be 
ansiiered  favorably.  With  regards  to  heating  systems 
training  the  ans%rer  would  be  favorable.  The  kind  of 
training  proposed  is  general  instruction  meant  to  review 
the  scope  of  knowledge  the  heating  technician  already 
possesses  and  as  such  is  not  time  critical. 

Resource  Constraints.  Other  constraints  could 
impact  the  decision  to  adopt  CAI  as  an  instructional 
methodology.  Besides  time,  Moyer  identified  equipment  as  a 
constraint  (59:12).  Kemner-Richardson  et  al.  identify 
"Hardware,  software,  .  .  .  ,  physical  and  human  factors, 
and  personnel"  (46:31)  as  resource  factors  in  the  CAI 
adoption  decision.  These  factors  can  operate  as  con¬ 
straints. 

Hardware  resource  considerations  revolve  around  the 
use  of  existing  equlpnwnt  or  the  lease  or  purchase  of  new 
squipoient  (46:31).  Hardware  could  act  as  a  constraint  if 
selection  is  limited  for  political  or  other  reasons. 

Hard%nire  can  also  constrain  the  selection  of  software. 


Since  Most  authoring  software  is  written  for  IBM  coog>atible 
cosiputers,  non-IBM  cos^Mtible  coaputers  will  liait  the 
choices  available  to  the  lesson  developer.  Specifically, 
if  there  exists  little  authoring  softwsre  for  a  specific 
systea  then  there  is  a  greater  likelihood  that  the  soft%iare 
capabilities  needed  aay  not  exist  in  the  Halted  selection 
available,  as  is  the  case  with  the  Wang  VS  systea  as 
discussed  later  in  this  chapter. 

Another  potential  constraint  on  CAl  adoption  is  the 
physical  apace  available  within  %rhich  to  build  CAI  study 
areas  with  supporting  docuaents  and  furniture  (46:32). 
*Changes  to  classrooa  facilities  also  have  to  be  assessed 
(e.g.,  rooa  size,  carrel  layout,  instructor  station),  as 
well  as  a  variety  of  huaan  factors  Issues  in  classrooa 
design  (e.g.,  lighting,  air  quality,  rooa  color,  other 
coafort  factors)*  (46:32-33).  These  considerations  any  act 
as  constraints  in  soae  organizational  settings.  For 
instance,  in  a  heat  plant  it  aay  not  be  possible  to  provide 
good  lighting,  air  quality,  or  reasonable  noise  level  for 
optiaua  learning  conditions. 

The  final  resource  constraint  to  be  aentioned  here  is 
personnel.  Specifically,  the  trained,  experienced  personnel 
needed  to  develop,  revise,  and  aalntain  courseware  aay  not 
be  available  within  the  organisation.  Moreover,  personnel 
with  the  necessary  experience  any  not  exist  or  aay  be 
unavailable  froa  outside  the  organisation.  Even  If  the 
organization  has  the  needed  exferts,  these  experts  any  have 


their  attention  directed  to  higher  priority  workloads, 
especially  given  the  extensive  time  required  to  develop  CAI 
lessons . 


In  summary,  the  instructional  programmer  must  be  able 
to  favorably  answer  the  following  question  In  order  to 
pursue  CAI  as  an  Instructional  method,  **00  the  non-f inancial 
resources  necessary  to  develop  CAI  lesson  material  exist 
within  the  organization  or  are  they  obtainable  outside  the 
organization?" 

With  regard  to  a  heating  systems  CAI  lesson,  this 
question  may  not  be  an  easy  one  to  answer.  While  the 
hardware,  software,  and  personnel  constraints  may  be  over¬ 
come  with  adequate  financial  resources,  the  physical  and 
human  factors  may  not  be  so  easily  overcome  if  instruction 
was  to  be  given  in  the  shop.  For  the  purposes  of  this 
example,  it  was  assumed  that  this  question  is  answered 
favorably. 

Instructional  Suitability.  Some  subject  material 
may  not  lend  itself  well  to  CAI  delivery.  West  identified 
several  factors  and  conditions  that  contraindicate  the  kind 
of  individualized  instruction  that  CAI  is  geared  toward. 
These  factors  and  conditions  are  those  that: 

1.  Provide  familiarity  with  dangerous  or  infrequent 
operating  conditions  that  cannot  be  simulated. 

2.  Require  a  great  deal  of  hands-on  experience  that 
cannot  be  simulated. 

3.  Require  personnel  to  be  trained  to  work 
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pccdosinantly  as  part  of  an  integrated  team. 

4.  Provide  a  substantial  degree  of  interpersonnel 
skills  for  adequate  job  or  task  performance. 

5.  Have  a  group-paced  format  that  currently  satisfies 
all  administrative  and  instructional  objectives 
(•0:428). 

Heyer  agreed  with  points  two  and  four.  He  felt  that 
concepts  that  deal  with  interpersonal  relationships,  where 
dlacaaslon  or  exchange  of  views  is  essential,  and  where  a 
*maaipalative  skill  is  being  taught**  *'may  not  be  appro¬ 
priate  to  computer  presentation**  (59:12).  With  regards  to 
this  last  point,  Moyer  states  **The  computer  could  illustrate 
the  techaique  of  laying  bricks,  but  one  must  actually  handle 
the  hriefca  and  nortar  to  learn  the  trade**  (59:12). 

Mdltlonally,  training  that  requires  teamwork  accomp¬ 
lishment,  soch  as  rapid  runway  repair  (RRR)  training,  would 
not  eppesr  selted  for  CAI,  %fhich  is  individually  oriented, 
heeever ,  that  is  not  to  say  that  som  individualized  tasks 
•tthln  MM  are  net  CAI  presentable. 

helatlng  this  to  heating  repair  specialist  instruction. 
If  ooold  apponr  that  the  only  questions  that  could  arise, 
et«o«  the  antore  of  the  instructional  requiresmnt  and  the 
«em  onvironaMt,  woold  concern  points  one  and  two  above. 
nemswe» .  so  woo  pceoontod  earlier  in  this  chapter, 

■rnotpmont  end  eystons  operetion  can  be  end  have  been 
•lemtoend  #•«  inotroct tonal  pocpooes  (95,  75).  Thus,  this 
*9«p  ««  fOo  ««orei 1  CAI  analysis  would  sot  appear  to 


s  IS 


eliminate  CAI  as  an  Instructional  methodology  for  the 
heating  systems  training  application. 

Hence,  the  lesson  developer  must  ask:  Is  this  instruc¬ 
tional  requirement  suited  for  individual  self-paced  inter¬ 
active  Instruction?  If  the  answer  Is  no,  then  another 
method  of  providing  instruction  should  be  evaluated.  If  the 
answer  is  yes,  then  further  analysis  would  be  required. 

A  flow  chart  of  the  qualitative  portion  of  the  decision 
process  just  discussed  is  presented  in  Figure  5. 

Quantitative  (Cost)  Considerations .  As  discussed  in 
chapter  four,  CAI  lessons  tend  to  be  costly  because  of 
enormous  up-front  development  costs.  These  costs,  together 
with  the  other  costs  associated  with  CAI,  must  be  conq>ared 
to  costs  associated  with  other  methodologies  to  determine 
If  CAI  Is  the  best  alternate  from  a  cost  viewpoint  (46:36). 
Some  researchers  suggest  "that  the  roost  meaningful  rela¬ 
tionship  for  comparing  [CAI]  with  other  methods  is  the  cost 
per  student  hour"  (Orlansky  and  String  as  reported  in 
46:36).  However,  this  relationship  would  not  give  credit 
to  any  instructional  method  with  shortened  instructional 
time  over  other  instructional  methods.  This  researcher 
suggests  the  use  of  per  person  costs  for  a  given  lesson. 
Thus,  costs  would  be  tied  to  the  desired  end  product,  an 
educated  or  trained  individual,  and  not  to  the  time  It 
takes  to  produce  this  result.  Time  savings  would  affect 
costs  favorably  either  by  allowing  more  people  to  be 
trained  or  by  reducing  a  worker's  tine  a%My  from  the  job. 
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Is  the  target  population  one  whose 
characteristics  have  been  Identi¬ 
fied  as  being  unreceptlve  to 
Computer  Assisted  Instruction? 


Can  the  Instructional  requirement 
wait  the  time  required  to  prepare 
a  CAI  lesson? 


Do  the  resources  necessary  to 
develop  CAI  lesson  material 
exist  within  the  organization 
or  are  they  obtainable  outside 
the  organization? 


Is  the  Instructional  requirement 
suited  for  individual,  self-paced. 
Interactive  instruction? 


Pursue  an  alternate 
instructional  methodology. 


Pursue  the  quantitative 
decision  analysis  process. 


Flow  Chart  of  the  Qualitative  Portion  of 
the  Decision  Process  to  Adopt  CAI  as  the 
Instructional  Methodology 


Net  Population  Size.  To  economically  justify  CAI 
as  an  instructional  methodology,  a  CAI  lesson  must  serve  a 
net  population  large  enough  so  that  the  per  person  costs  are 
lo%fer  than  costs  for  other  instructional  methodologies  that 
could  also  meet  the  Instructional  objectives.  A  number  of 
considerations  impact  the  net  population  size:  the  total 
student  population,  the  frequency  of  training  requirement, 
and  the  turnover  rate  of  the  student  population.  As  an 
example  of  the  considerations  involved  in  determining  the 
net  population  size,  consider  that  a  new  one-time  instruc¬ 
tional  requirement  would  need  to  have  costs  spread  over  the 
existing  student  population  in  addition  to  any  new  members 
that  join  the  population  while  the  lesson  is  still  valid. 

For  instance,  for  the  population  of  approximately  3000 
heating  specialists  which  receives  about  200  new  members 
every  year  (note  that  there  is  no  need  to  consider  outgoing 
personnel  since  their  training  is  no  longer  the  organiza¬ 
tion's  responsibility)  and  which  requires  one-time  instruc¬ 
tion  on  some  new  topic  or  technique  that  will  not  be 
outdated  for  five  years,  the  net  population  to  divide  the 
costs  by  would  be  4000  (3000  initially  trained  plus  200  new 
members  per  year  for  five  years).  On  the  other  hand,  if 
this  same  population  required  this  instruction  on  an  annual 
basis,  the  net  instructional  population  would  be  15000  (3000 
members  x  5  years,  assuming  a  stable  population  where 
incoming  members  equal  outgoing  members). 


CAI  Co«t«.  Th«  total  cost  assoc latod  with 
providing  instruction  using  CAI  includes  the  davslopsMnt 
costs,  production  costs,  annual  costs  (Mintainence, 
operations,  etc.),  and  modification  costs  (68). 

If  the  lesson  is  to  be  contractor  developed,  develop¬ 
ment  costs  may  be  estimated  by  consulting  the  appropriate 
contractor  or  by  reviewing  past  contract  costs  for  similar 
efforts.  If  the  lesson  is  to  be  developed  in-house, 
develoment  costs  must  be  estimated  by  summing  estimates  for 
the  developer (s) '  time,  including  hardware  and  software 
costs  associated  with  developing  the  lesson  (if  more  than 
one  lesson  is  developed  using  the  same  hardware  and  soft¬ 
ware,  these  costs  should  be  proportionally  shared  among  the 
lessons),  adding  the  cost  of  licenses  associated  with  any 
commercial  software  used,  and  including  the  cost  of  travel, 
supplies,  clerical  support,  and  administrative  overhead. 

Production  costs  include  costs  associated  with 
duplicating  and  distributing  the  lesson  software  and  any 
associated  printed  material  as  well  as  the  cost  of  the 
hardware  and  soft%rare  associated  with  delivering  the  lesson 
(if  more  than  one  lesson  is  delivered  using  the  same 
configuration,  these  costs  should  be  proportionally 
shared ) . 

Annual  costs  include  operating  costs  such  *«s  utility 
charges  for  electricity  and  telecommunications,  salaries  for 
system  operators  or  other  CAI -related  personnel,  license 
fees  for  any  commercial  products  used  to  deliver  the  lesson. 


supplies  consuMd  in  support  o£  the  iesson  such  as  paper  and 
ribbons,  and  hard%iars  nalntenance  costs.  The  last  item  is 
often  overlooked  and,  accordinq  to  some  experts,  can  be 
quite  substantial  (68). 

Modification  costs  include  most  of  the  considerations 
of  the  development  and  production  costs  that  relate  to 
aK>dif ication  of  the  lesson.  Thus,  costs  such  as  the  salary 
of  the  developer (s) ,  duplication  and  distribution  expenses, 
and  administrative  overhead  must  be  considered  when 
estimatinq  modification  costs.  Modifications  may  be 
planned  at  periodic  points  in  the  lesson's  life  to  provide 
for  technoloqy  chanqes,  corrections,  or  upqrade. 

Sfllil.  EfiX.  QXhtg  Methodologies.  Identifyinq  CAI 
costs  alone  provides  no  basis  for  the  instructional 
proqrammer  to  make  a  decision  to  accept  or  reject  CAI  on 
cost-effectiveness  qrounds.  CAI  costs  must  be  compared  to 
costs  for  other  instructional  methodoloqies  that  could  meet 
the  instructional  objectives  (46:35-36).  Thus  the  costs 
fox  other  instructional  methods  must  be  identified.  Like 
CAI,  these  would  include  development  costs  such  as  experts' 
tlM  to  put  toqether  course  material,  annual  costs  such  as 
instructors'  salaries  and  students'  salaries  for  the  time 
in  class. 

Vith  regard  to  the  heating  systems  training  such 
costs  could  include  those  just  mentioned,  and  travel  costs. 


per  diem  for  TDY  students,  overtime  for  the  unit  from  which 


the  student  cane  (to  keep  up  with  work  schedules),  and 
equipment  trainers  if  applicable. 

Figure  6.  below  illustrates  the  steps  in  the  quantita¬ 
tive  analysis. 

The  Total  Model.  The  qualitative  and  quantitative 
portions  of  the  decision  process  are  really  two  pieces  of 
%diat  may  be  called  the  total  model.  This  total  leodel  of  the 
decision  process  to  adopt  CAI  as  an  instructional 
methodology  is  presented  in  Figure  7. 
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0«t«rMina  the  net  student 
populstlon  %diich  is  based  on 
Initial  population,  incoaing 
Bwsibership,  frequency  of 
instruction,  and  estiaated 
useful  life  of  the  lesson. 


Deteraine  CAI  lesson  costs 
including  developaent, 
production,  annual,  and 
aodification  costs. 


Deteraine  lesson  costs  for 
other  instructional 
aethodologles . 


Is  CAI  the  aost  cost-effective 
alternative? 


Pursue  aost  cost-effective 
alternatives  given  qualitative 
factors  do  not  override  cost 
factors . 


Pursue  CAI  developaent. 


Figure  6.  Plow  Chart  of  the  Quantitative  Portion  of 
the  Decision  Process  to  Adopt  CAI  as  an 
Instructional  Methodology. 
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Question  9 

How  does  the  'Hang  vs*  conputer  system,  being 
installed  in  Air  Force  Civil  Engineering  units  as 
work  Information  Hanagement  Systems  (VIMS),  in  combination 
with  the  software  available  for  it,  compare  as  a  CAI  device 
to  the  Zenith  Z248  cos^tuter  and  the  software  available  for 
it? 

Rose  warns  that  "care  should  be  taken  to  ensure  that 
the  software/hard%«are  of  the  (authoring)  package  is  compa- 
table  with  any  hardware  that  the  (organization)  already  has 
or  is  locked  into  purchasing"  (67:29).  Given  this  advice, 
it  would  appear  Air  Force  Civil  Engineering  should  plan 
future  CAI  lessons/projects  around  the  use  of  the  'Vang  VS' 
system.  This  system  has  been  or  is  in  the  process  of  being 
installed  in  every  squadron-sized  (or  larger)  Civil  Engin¬ 
eering  unit  as  a  Vork  Information  Management  System  (VIMS). 
However,  Rose's  words  must  not  be  accepted  blindly  without 
some  evaluation.  The  following  comparison  examined  costs 
and  capabilities  of  the  two  systems  from  a  software  and 
hardmre  point  of  view.  No  recommendations  are  included 
herein. 

gftttiagf.  Availability.  The  only  authoring  system 
available  for  the  Vang  VS  computers  at  the  time  of  the 
inciting  of  this  document  was  "VS  Author"  from  Mentor 
Resources  (78).  On  the  other  hand,  the  "Z248",  being  an  IBM 
compatible,  has  a  wide  assortment  of  commercially  available 
authoring  software.  Such  authoring  software  Includes 


"Maestro/PC”  (53),  "PC/Pilot"  (31),  "CAI  Plus"  (31),  and 
"INSIGHT"  (82).  This  writer  chose  to  conpare  "VS  Author"  to 
"Haestro/PC".  This  choice  was,  in  part,  arbitrarily  Mde 
and,  in  part,  based  on  the  fact  the  in:  iter  has  viewed  the 
use  of  Maestro/PC  and  the  writer  was  able  to  obtain  product 
inforMtion.  Mo  endorsesMnt  is  inplied  by  this  choice. 

Table  one  sussMirizes  the  differences  between  the  two 
system. 


Table  I.  Software  Comparison  Between  VS  Author  and 
_ Maestro/PC _ (53.  78) 

Software  Comparison 
VS  Author  versus  Maestro/PC 


Purchase 

Cost  (single) 

$12,800  • 

$799  ** 

Delivery  License 
Cost 

Yes,  unknown 
amount 

NO 

Graphics  Capable 

Only  using  VS 
character  set 

YES 

Color  Capable 

NO 

YES 

Interactive 

videodisc 

Capable 

NO 

YES 

Base  of  Use 

Menu  driven 

Icon/mouse  driven 

Input  Options 

Keyboard 

Mouse/Touch  Screen/ 
Joy  Stick/Trackball 
Llghtpen 

*  As  of  1  December  1986 

**  As  of  1  June  1987/Prlce  is  less  for  educational 

institutions 
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Hardware  Cholcea.  The  Vang  vs  s^^s^efli  as  purchased 
under  the  AMMUS  contract  consists  of  a  number  of  worksta¬ 
tions  and  microcomputers  which  serve  as  workstations  tied 
into  a  central  processing  system.  The  alternative  hard%fare 
configurations  available  to  use  the  Wang  VS  system  as  a  CAI 
device  are  (1)  to  use  the  system  as  presently  configured,  (2) 
alter  or  modify  the  existing  system  or  a  number  of  the 
microcomputers  serving  as  workstations  into  CAI  capable 
devices,  or  (3)  purchase  a  new  series  of  Wang  IBH  compatible 
microcomputers  ( 5 ) . 

Bach  of  these  alternatives  has  its  o%m  advantages  and 
disadvantages.  Alternative  one  requires  no  hard%Mire 
modifications  but  limits  authoring  to  the  use  of  the  "VS 
Author"  authoring  system  or  a  higher  order  language.  As 
discussed  earlier,  the  VS  Author  authoring  system  is  very 
expensive,  has  no  color  capabilities,  and  has  limited 
graphics  capabilities.  Also,  as  discussed  in  chapter  four, 
higher  order  languages  are  not  a  good  alternative  because  of 
the  programming  skills  required  and  added  time  to  develop 
lessons. 

Alternative  t%ro  would  theoretically  open  the  door  to 
the  use  of  IBM  compatible  authoring  systems,  but  it  is  also 
an  expensive  option.  Moreover,  few  software  manufacturers 
will  guarantee  that  their  authoring  systems  would  work  on 
such  machines. 

Alternative  three  involves  purchasing  and  using  one  of 
the  new  wang  IBM  compatible  micro  computers  (models  280  and 


380)  released  In  1987  (79).  These  new  Wan^  systeas  would 
run  IBM  authoring  software  and  would  also  be  able  to  serve 
as  a  VS  terainal  (79).  However,  the  cost  for  this 
alternative  is  also  high  (see  Table  II). 

These  three  Mang  alternatives  are  coapared  to  the 
Zenith  ”Z248."  The  *Z248"  is  an  IBM  coapatible  aicrocoa- 
puter  under  a  IX)0  purchase  contract  (15).  Appendix  B  lists 
hardware  and  soft%Mre  available  under  this  contract.  The 
Air  Force  Acadeay  has  used  the  ''S248'*  to  present  instruc¬ 
tion  by  SMans  of  interactive  videodisc  using  a  Sony  LOF- 
2000  series  videodisc  player  controlled  through  an  R8232 
interface  (32:21). 

Table  two  snaaarises  the  coaparison.  The  cost  cited 
in  Table  2  for  the  Wang  "Model  380"  is  retail  price. 
Oovernaent  contract  price  would  probably  be  less.  In  any 
event,  it  would  appear  that  the  "Z240"  any  be  the  best 
choice  if  cost  alone  is  the  deteraining  factor.  However, 
if  coapatibility  with  the  VIMS  systea  is  an  overriding 
consideration,  it  would  appear  that  the  "Model  380"  could 
prevail. 


Tabic  II.  Hardware  Coaparison  Between  "Wang  VS" 


and  " 

2248" 

(5, 

45,  79) 

Point 

Present 

Modified 

Wang 

Zenith 

of 

Hang  vs 

Wang  VS 

Model 

2248 

Comparison 

System 

System 

380 

System 

Cost  * 

— 

$7079  • 

$7695 

$2263  1 

1  Color  1 

capable 

No 

Mo 

Yes 

Yes 

IVD 

No 

No 

Yes 

Yes 

1  capable 

1  Other  input 

No 

No 

Yes 

Yes  1 

1  options  1 

1  (Input 

No 

Yea 

Yes 

Yes 

1  mouse ) 

1  Software 

VS 

VS 

IBM 

IBM 

capabllites 

IBM 

MS-DOS 

VS 

MS-DOS 

1  VS  system 

Yes 

Yes 

Yes 

Mo 

1  capable 

*Costs  based  on  RAM  expansion  to  640K,  20MB  Hard  Disk, 
high  resolution  color  monitor,  graphics  card,  mouse, 
and  sath  coprocessor 

•Government  Contract  Costs 


Sumsarv 

This  review  of  current  literature  on  the  subject  of 
computer-assisted  instruction  (CAI)  provided  answers  to  the 
three  investigative  questions  related  to  the  specific 
application  of  CAI  for  Air  Force  Civil  Engineering. 
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Mirnncow  R^S^.UT'0N  test  chart 


Mi 


jcrjo>j>jwr. 


First,  It  was  sho%m  that  there  are  few  training  and 
educational  applications  readily  available  to  neet  Civil 
Bnglneerlng  Instructional  requlreaents  but  that  several 
prototype  applications  are  under  Investigation  by  the  AFB8C. 

Next,  a  Model  of  the  CAI  Media  selection  decision  was 
developed  based  on  various  considerations  Mentioned  In  the 
literature. 

Finally,  a  coMparlson  was  Made  bet%feen  the  "Vang  VS" 
and  Zenith  *2248"  coMputer  systeas  as  CAI  devices  and  the 
authoring  softtiare  available  for  each  Machine. 


This  chapter  summarizes  the  conclusions  that  could  be 
dra%m  from  a  review  of  the  literature  relating  to  computer- 
assisted  instruction.  Recommendations  for  additional  study 
are  presented  for  those  within  Air  Force  Civil  Engineering 
considering  developing  CAI  instructional  material. 

Conclusions 

After  reviewing  the  literature,  several  conclusions 
were  made  regarding  computer-assisted  instruction. 

First,  the  literature,  when  taken  as  a  whole,  indi¬ 
cated  that  computer-assisted  instruction,  as  an  instruc¬ 
tional  methodology,  was  a  viable  method  of  instruction 
under  the  right  conditions.  If  designed  properly,  CAI  was 
at  least  as  effective  as,  and  possibly  more  effective  than, 
other  methods  from  a  student  achievement  point  of  view. 

When  looking  at  the  length  of  time  it  takes  to  instruct  a 
student  on  a  given  subject,  the  literature  indicated  that 
CAI  results  in  drastically  reduced  instructional  time. 
Ho«rever,  this  may  be  a  result  of  the  self-paced  nature  of 
CAI  rather  than  any  other  feature  of  CAI,  such  as  interac¬ 
tivity. 

Second,  the  literature  was  woefully  deficient  of 


information  on  the  cost  effectiveness  of  CAI.  Indications 
were  that  costs  of  CAI  are  frequently  computed  based  on 


hardwire  and  software  costs  alone.  Moreover,  It  appeared 
that  those  responsible  for  lesson  development  are  not 
making  comparisons  bet%reen  CAI  and  other  instructional 
methodologies  that  could  satisfy  the  educational  require¬ 
ment.  In  fact,  it  appeared  to  this  researcher  that  cost 
was  simply  a  matter  of  staying  under  the  allotted  budget 
rather  than  using  funds  efficiently. 

Third,  the  literature  indicates  that  CAI  lessons  can 
be  developed  a  number  of  ways  using  the  programming  avenues 
available  to  normal  computer  programming,  such  as  higher 
order  programming  languages  like  BASIC  or  Pascal,  or  by 
specialized  authoring  software  such  as  authoring  languages 
or  authoring  systems.  This  authoring  software  is  specially 
designed  to  ease  CAI  lesson  development.  Authoring  soft¬ 
ware  includes  commands  specific  to  CAI  which  perform  such 
functions  as  branching,  quizzing,  and  controlling  external 
devices  such  as  interactive  videodisc. 

Fourth,  the  literature  indicates  that  a  number  of 
factors  impact  the  choice  of  hard%#are  and  software  tools 
used  by  the  instructor  to  develop  CAI  lessons.  The  most 
Important  factors  are  the  lesson  objectives  and  future 
needs  of  the  instructor  and  student. 

Finally,  the  literature  indicates  that  few  presently 
available  applications  exist  which  meet  Civil  Engineering 
instructional  requirements.  Areas  in  which  CAI  has  been 
used  successfully  to  meet  requirements  similar  to  those  of 


Civil  Engineering's  include  engineering  fundamentals  review 
and  technical  eguipment  training. 


Recommendations 

The  following  recommendations  are  offered  for  consid¬ 
eration  by  the  Air  Force  Civil  Engineering  community  in 
those  efforts  related  to  coo^uter -assisted  instruction: 

1.  Carefully  test  and  evaluate  the  Impact  of 
introducing  CAI  to  the  base  level  Civil  Engineering 
community/  first,  from  a  qualitative  perspective  and, 
then,  from  a  total  long-term  cost  perspective. 

2.  Maintain  detailed  records  of  all  costs  associated 
with  future  CAI  lesson  development  projects.  Conduct 
a  careful  and  complete  cost  analysis  and  consider 
publishing  the  results  to  increase  the  database 
available  to  researchers  studying  this  issue. 

3.  Consider  new,  unproven  CAI  applications  after 
following  the  instructional  systems  development 
process.  The  general  model  included  herein  may  prove 

a  useful  guide  for  considerations  which  are  CAI  unique. 
i.  Pursue  the  aggressive  development  of  CAI  delivered 
engineering  fundamentals  review  for  AFIT  School  of 
Civil  Engineering  and  Services  courses. 

5.  Consider  developing  CAI  exportable  training  and 
education  to  meet  a  number  of  instructional  require¬ 
ments,  such  as  that  similar  to  continuing  education. 

6.  Strive  to  develop  a  hard%«are  and  software  standard 


CAI  system  fox  civil  Engineering.  This  will  provide 
some  standardization  with  regard  to  hardware  pur¬ 
chasing  and  maintenance,  and  cour8e%#are  development. 

Summary 

Despite  the  fact  that  It  Is  less  than  25  years  old, 
computer-assisted  Instruction  has  been  sho%m  to  be  a  viable 
Instructional  method  for  certain  applications.  CAI  pos¬ 
sibilities  have  rapidly  Increased  along  with  computer 
technology.  CAI  has  applications  to  Air  Force  Civil 
Engineering  Instructional  requirements  and  should  be  care¬ 
fully  evaluated  as  one  means  of  meeting  those  requirements. 


Appendix  A:  Glossary  of  Terms 


Artificial  intelligence  *  an  area  of  study  of  computer 
science  concerned  with  the  development  of  a  computer  system 
capable  of  imitating  the  human  thought  process. 

BASIC  >  An  acronym  for  Begineers  All  Purpose  Symbolic 
Instruction  Code,  a  product  of  Kemeny  and  Kurtz  of 
Dartmouth  College  (1963).  BASIC  "uses  simple 
English  words  and  common  Mthematical  symbols  to 
perform  the  necessary  arithmetic  and  logical 
operations  to  solve  problems"  (22:56). 

CAI  -  Computer-Assisted  Instruction  (or  Computer-Aided 
Instruction) . 

COBOL  -  an  acronym  for  common  Business  Oriented 
Language,  a  high  level  programming  language. 

Courseware  -  a  generic  term  for  all  types  of  CAI 
materials  (46:32). 

FORTRAN  -  an  acronym  for  FORmula  TRANslation,  a  higher 
level  programming  language. 

Hard  disk  -  a  disk  or  series  of  disks  made  of  a  rigid 
base  coated  with  a  magnetic  material  which  can  typically 
store  between  10  and  60  million  bytes  of  information  per 
device . 

Hardware  -  the  physical  components  of  a  computer 
system. 

IVD  -  Interactive  Videodisc. 

Joy  stick  -  a  device  connected  to  a  computer  which 
control  the  location  of  a  cursor  by  the  manipulate  of  a 
control  lever  which  can  be  tilted  in  various  directions. 

K  -  represents  1024  bytes  (2''10)  of  memory. 

Keyboard  -  an  arrangement  of  keys  like  those  on  a 
type%rriter,  used  to  enter  data  into  a  computer. 

Light  pen  -  a  hand-held  stylus  connected  by  a  cable  to 
a  some  monitors,  that  can  sense  the  light  from  the  pen  on 
the  screen  and  translate  that  into  a  signal  to  the 
computer . 

Modem  -  a  Modulator -DEHodulat or  device  that  converts 
digital  output  into  analog  output  and  vice-versa  for  use  in 


tKansnitting  Information  by  phone  lines 


Monitor  -  the  screen  of  a  cathode  ray  tube  (CRT)  used 
with  a  computer. 

Mouse  -  a  small  hand  held  device  connected  to  a 
computer  and  monitor  used  to  enter  coimsands:  the  mouse  is 
awved  on  the  surface  of  a  table  or  the  like  to  position  a 
cursor  on  the  screen  next  to  a  command  the  user  wishes  to 
invoke. 

Pascal  -  a  higher  order  programming  language  designed 
to  support  the  concepts  of  structured  programming. 

RAM  -  random  access  memozy,  a  type  of  computer  memory 
that  can  be  accessed  without  following  a  sequence  of 
storage  locations. 

ROM  -  read  only  memory,  cos^uter  memory  with  preset 
instructions  that  cannot  be  mritten  over  or  altered. 

Software  *  the  programs  used  to  control  the  operation 
of  a  computer. 

TXCCIT  <•  an  acronym  for  Time'Shared  Interactive 
Computer  Controlled  Instructional  Television  -  a  product  of 
Mims  Corporation  and  Brigham  Young  University  -  a  CAI 
system  which  uses  a  standard  color  television  to  present 
lessons  to  students  who  respond  through  a  keyboard,  all  of 
which  is  controlled  by  a  minicomputer  (4:48). 

Touch  screen  -  a  special  monitor  screen  which  can 
sense  a  touch  from  a  finger  and  translate  that  touch  into 
instructions  to  the  computer. 

Track  ball  -  a  device  consisting  of  a  sphere  mounted 
in  a  box  that  can  be  rotated  with  the  palm  or  fingertips 
that  is  connected  to  a  computer  with  which  one  can 
jssnipulate  to  location  of  a  cursor  on  the  screen. 


Note,  unless  otherwise  noted,  the  above  definitions  come 
from  Webster's  WewWorld  Dictionary  s±  Computer  ZllK  (13). 


Appendix  B:  iDl  Software  Available  tlSM 

the  Senith  Dal^  Svmtmmm  Contract. 
(Contract  tFlS630-g6-D~0Q2) 

BJll  ^  afiUSSSS. 


iuaovMui 


ITKM  DiacaiPTIOM 

BmIc  SyatM 
lataraadiata  Systae 
Advaaead  dyatae 
Naaoay  lapaaaioa  C40KB 
Naaacy  Bapaaaloa  2aa 
20  MB  Mazd  Olak  Ozlva 
40  MB  Bazd  Olak 
1.2  MB  Floppy  Olak  Ozlva 
Oval  Moda  Pzlataz  (Ozft/1 
Cut  fhaat  Paadaz 
Olabla  CISO  Clz  azpBea  Bi 
Ozapklea  Plottaz 
BOB  Calaz  Manltaz 
Moaaehzaae  Maaltaz 
Ozapklea  Zapat  Oavlea 
Oavaz  Convaztaz 
Bazpa  fappzaaaaz 
Olal-up  300-2400  baud  Mo4 
Hlph  flpaad  Tape  Baekop  Bya 
OMMS  00207  Math  Ca-pzocaaz 
COMB  Tapa  Backup  Halt 
2SCK  Pzlat  BuCCaz 
9000  Baud  Nodaa 
140MB  Hazd  Olak 


NS  ov-Baale  Caapllaz 
Nlezaaoft  COBOL  Caapllaz 
Hlezoaaft  Haeza  AaaaaBlaz 
Nlezaaoft  POBTBAM  Caapllaz 
Nlezaaoft  Paacal  Caapllaz 
C  Caapllaz 

WazdStaz  Pzofoaalaaal 
Naltlaata 

dBaaa  Ztl 

Coiidaz  ZZZ  vaz.  2.11 
dBaaa  ZX  vaz.  2.43 
Nieraatat  statistical  Okf 


COST 

MSM 

CLIM  ■ 

ZDS  MOP  i 

01103.00 

7010-01-232-9302 

0001 

zyX-24S-90 

1534.00 

7010-MCC-2101S3 

0002 

ZVX-2 40-92 

lost. 00 

7010-01-232-9303 

0003 

Zin-240-C2 

120.00 

7039-NCC-210113 

0004AA 

t-409-A 

240.00 

7035-HCC-21S314 

0004AB 

Z-419 

302.00 

7029-01-232-7371 

OOOOAA 

Z-217-22 

C99.00 

OOOOAB 

ZD-400 

124.00 

OOOOAB 

ZD-12 

UC)  S2S.00 

7029-01-232-9333 

0007 

AL-2000 

207.00 

7029-01-232-9200 

OOOOAA 

MPZ-390-Z 

itz  002.00 

7029-MCC-21S137 

0009 

APP-20 

929.00 

7029-01-233-0239 

0010 

110-2300 

302.00 

7029-01-232-9323 

0011 

ZVM-13S0 

110.00 

7029-01-232-9324 

0012 

ZVN-1470-O 

293.00 

7029-01-232-7391 

0013 

SZ-1201 

95.00 

7029-01-223-9370 

0014AA 

BCA-370 

30.00 

7039-IICC-21S311 

0014AB 

ca-io-a 

a  190.00 

7029-01-234-4070 

0019 

CT9-2424 

>  470.00 

7029-01-234-0032 

0010 

Z-427-20 

143.00 

7039-NCC-210319 

0017AA 

Z-410 

027.00 

ZD-00 

101.00 

AL-2000-3 

295.00 

ZN-192 

2129.00 

ZD- 1200 

somiaBB 

040.00 

7030-NCC-210109 

0010 

NS-9003-4 

19.00 

7030-01-231-9004 

0019 

MS-S003-3 

9.00 

7030-NCC-210107 

0020 

HS-9003-21 

13.00 

7030-MCC-210104 

0021 

NS-5003-2 

10.00 

7030-NOC-210100 

0022 

NS-9003-9 

100.00 

7030-NCC-210199 

0023 

CZ -9003-1 

130.00 

7010-01-233-1090 

0024Aa 

MP-90S3-13 

140.00 

7030-ilCC-210173 

0024AB 

SS-S0d3-l 

399.00 

7030-NCe-210140 

0029aA 

AT-90S3-3 

72.00 

7030-01-200-0031 

0029AB 

CD-90C3-3 

239.00 

7030-lieC-210109 

0029ilC 

AT-90d9-l 

79.00 

7030-NCC-310197 

0020 

BS-90<3-l 

B-1 


urn 


SnpacCale  3  v«c.  2.1 

Ocaftalk  var.  3.27 

CIO  Kay  vat.  2.0 

Tlaa  bin*  w/tatotlal 

Inakla  var.  2. IS 

CSX  Ceanaetaaxa  327t/S 

3700  XIN  Tacalaal  iMiUtoc 

Zstaii-304  VTIOO  BHlatas 

VIP  7700/7000  lanlatoc 

•party  Coapatiblllty  >y  CHZ 

NletO'Otldpa  Bott  eaapat. 

ZlOO  Banlatot 

CM  Zntta  to  Mietoeaptts 

CM  Cot  BopatCale  3 

CM  for  Coadot  XZZ 

CM  for  Hieroatat 

CM  for  Ptoptaa  Maaapaaaat 

CM  fat  dlaaa  ZZ 

CM  for  dBaao  ZZZ 

CM  for  Maltlaato 

CM  for  Boa  Otapblea 

CM  for  Coapoaltioa  Otaplilca 

CM  for  Wladowlnp 

booz  muss 

BOA  Coapllat 


70.00 

7030-HICC-210170 

0027 

SC-S003-4 

01.00 

7030-MCC-21B10B 

0020 

KG-5005-1 

200.00 

7030-1ICC-21B101 

0029 

MC-3103-1 

S3. 00 

7030>IICC-2101SO 

0030 

BS-5003-1 

07.00 

7030-llCe-21B171 

0031 

80-5003-1 

422.00 

7030-IICC-2101S0 

0032M 

CX-5003-1 

90.00 

7030-01-231-9005 

0032AB 

PO-S003-2 

33.00 

7030-IICC_210100 

0032AC 

XB-5003-1 

ISO. 00 

7030-IICC-210479 

0032AD 

CC-S003-2 

121.00 

702S-lfCC-2101S3 

0032BP 

CC-S003-1 

130.00 

7030-IICC-210103 

0032A8 

NB-500S-1 

17S.00 

7030-ilCC-21S175 

0032BH 

Z-419 

11.00 

7030-IICC-2101S1 

0039AA 

CB-3103-30 

23.00 

7030-01-234-0004 

003SAB 

BS-5003-0 

42.00 

7030-ilCC-2101S4 

0035BC 

CD-5003-5 

S.OO 

7030-MCC-21tlS2 

003SAO 

CB-5003-22 

14.00 

7030-1ICC-21B149 

0035AB 

B8-S003-1 

30.00 

7030-IICC-21B144 

003SBP 

M-5003-5 

23.00 

7030-IICC-210140 

003510 

AS-5003-7 

23.00 

7030-MCC-21814S 

003SAM 

AB-50S3-S 

0.00 

7030-NCC_218109 

003SAJ 

BO-5003-3 

73.00 

7030-IICC-210102 

003SBK 

MC-3153-2 

7.00 

7030-MCC-210172 

003S*b 

80-5003-2 

SO. 00 

7035-ilCC-222733 

0030 

LO-7 

ms.  00 

0040AA 

M-4104-1 

B-2 


Bibliography 


1.  Alz  Force  Engineering  and  Services  Center. 

"Engineering  and  Services  Education  and  Training 
Program  Summary."  Report  to  HQ  USAP/LE.  Tyndall  APB 
PL,  January  1987. 

2.  Air  Force  Institute  of  Technology.  Academic 
Instructional  System.  Vright -Patterson  APB  OH, 

1  November  1981. 

3.  Air  Force  Institute  of  Technology,  School  of  Civil 
Engineering  and  Services.  APIT  Professional 
Continuing  Education  Programs  Report. 

Vright-Patterson  APB  OH. 

4.  Alessl,  Stephen  M.  and  Stanley  R.Trolllp.  ComoutAr- 
Based  Instruction;  Methods  and  Development.  Englewood 
Cliffs  MJ:  Prentice-Hall,  Inc.,  1985. 

5.  Alley,  Captain  David,  APIT  Instructor.  Personal 
Interview.  Air  Force  Institute  of  Technology,  School 
of  Civil  Engineering  and  Services,  Vright-Patterson 
APB  OH,  21  August  1987. 

6.  Bove,  Robert.  "Video  Training:  The  State  of  the 
Industry,"  Training  and  Pevelppment  Journal.  40;  27-29 
(August  1986). 

7.  Burns,  Patricia  K.  and  William  C.  Bozeman.  "Computer- 
Assisted  Instruction  and  Mathematics  Achievement:  Is 
There  a  Relationship?"  Educational  Technology.  21;  32- 
39  (October  1981). 

8.  Chang,  Major  Stanton,  Chief  of  Civil  Engineering 
Personnel  and  Training.  Telephone  interview.  Air 
Force  Engineering  and  Services  Center,  Tyndall  APB  PL, 
28  July  1987. 

9.  "Children  Learn  Faster  on  Computers,"  Management 
Review.  74;  7-8  (October  1985). 

10.  Clement,  Pran)c  J.  "Affective  Considerations  in 
Computer-Based  Education,"  Educational  Technology.  21; 
28-32  (April  1981). 

11.  Con)cright,  Tom  D.  "Categories  of  Computer-Based 
Simulations,"  Proceedings  of  the  1985  Air  Force 
Conference  on  Technology  and  Education.  IV2-IV9. 
Colorado  Springs  CO:  Air  Force  Academy,  1985. 


BIB-1 


12.  - .  "The  Use  of  Color  in  CAI,"  Proceedings  of  the 

1985  Air  Force  Conference  on  Technology  in  Tteininq 
and  Mucation.  I65-I70.  Colorado  Springs  CO: 

Air  Force  Academy/  1985. 

13.  Darcy,  Laura  and  Louise  Boston.  Webster’s  Mewworld 
Dictionary  of  Computer  Terms.  Mew  York:  Simon  and 
Schuster,  Inc.,  1983. 

14.  DeBeers,  John.  Intervieiied  by  journal  editors. 
Training.  22:  C8  (September  1985). 

15.  Department  of  Defense.  Contract  iP19630-86-D-0002 
with  Zenith  Data  Systems  Corporation.  Washington  D.C., 
1986. 

16.  Department  of  the  Air  Force.  CoMPufe^r  Assisted 
Training  System  (CATS):  User’s  Manual.  AFM  50-108, 
Volume  1.  Washington:  HQ  USAF,  1  July  1986. 

17.  - .  Instructional  Systems  Development.  AFH  50-2. 

Washington:  HQ  USAF,  15  July  1986. 

18.  - .  USAF  Formal  Schools  Catalog.  AFM  50-5. 

Washington:  HQ  USAF,  1  June  1987. 

19.  Dominowski,  Roger  L.  Research  Methods.  Englewood 
Cliffs  MJ:  Prentice-Hall,  Inc.,  1980. 

20.  Dossett,  Dennis  L.  and  Lee  J.  Konczak.  "New  and 
Improved,  or  Just  New?"  Training  and  Development 
Journal.  39:  41-44  (July  1985). 

21.  Dossett,  Dennis  L.  and  Patti  Hulvershorn.  "Increased 
Technical  Training  Efficiency:  Peer  Training  via 
Computer  Assisted  Instruction,"  Journal  of  Applied 
Psychology.  68:  552-558  (November  1983). 

22.  Douglas,  Charles  H.  and  John  S.  Edvards.  "A  Selected 
Glossary  of  Terms  Useful  in  Dealing  with  Computers," 
Educational  Technology.  19:  56-66  (October  1979). 

23.  Educational  and  Home  Software  Catalog.  Product 
catalog.  Perscom:  AT  Micro  Center,  Columbus  OH, 
undated. 

24.  Eisele,  James  E.  "Classroom  Use  of  Microcomputers," 
Educational  Technology.  19;  13-15  (October  1979). 


BIB-2 


25.  Sn9«r,  Mjor  Rol£  c..  Major  Richard  E.  Swanson,  Major 
Lae  V.  Schrock,  and  Captain  Mark  V.  Tollefson. 
"Innovations  In  Physics  Teaching  at  the  USAF  Academy- 
Car  rlculuai  Changes  to  Incorporate  Computer  Aided 
Instruction,”  Proceedings  of  the  1985  Air  Force 
Conference  on  Technology  In  Training  and  Education. 
I33-I41.  Colorado  Springs  CO:  Air  Force  Academy, 

1985. 

28.  renter.  Captain  Tomy  D.,  Instructor  of  Electrical 

Engineering.  Personal  Interview.  Air  Force  Institute 
of  Technology,  School  of  Civil  Engineering  and 
Services,  tfrlght-Patterson  AFB  OH,  20  August  1987. 

27.  436th  Strategic  Training  Squadron,  Strategic  Air 
CossMnd .  ISD  Subject  Matter  Expert  Orientation 
Handbook .  Carwell  AFB  TX,  undated. 

28.  Gagne,  Robert  M.,  Halter  Hager,  and  Alicia  Rojas. 
"Planning  and  Authoring  Computer -Assisted  Instruction 
Lessons,"  Educational  Technology.  21:  17-21 
(September  1981). 

29.  Gerard,  Ralph  H.  <;5^fflpg^*rs  and  Education.  New  York: 
McGraw-Hill  Book  Company,  1967. 

30.  (Sery,  Gloria.  Intervle%md  by  journal  editors. 

Training.  22:  C8  (September  1985). 

31.  Gillingham,  Hark,  Patricia  Murphy,  Kay  Cresci,  Spencer 
Klevenov,  Bernlta  Slms-Tucker,  Debbie  Slade,  and  David 
Hirer.  "An  Evaluation  of  Computer  Courseware 
Authoring  Tools  and  a  Corresponding  Assessment 
Instrument  for  Use  by  Instructors,"  Educational 
Technology.  26:  7-17  (September  1986). 

32.  Gist,  Major  Thomas  E.  and  Captain  (^ary  L.  Lorenzen. 
"Hardware/Software  Implementation  of  an  Integrated 
In-Class  Instructor  Horkstatlon, "  Proceedings  of  the 
1987  Conference  on  Technology  In  Training  and 
Education.  19-25.  Arlington  VA:  American  Defense 
Prepardness  Association,  1987. 

33.  Gordon,  Jack  and  Chris  Lee.  "The  Future  of  Computer- 
Based  Training,”  Training.  22:  C6-C7  (September  1985). 

34.  Gregory,  Dik.  CASTE  and  CVI;  A  First  Application  of. 
an  Intelligent  Tutorial  System  to  Combat  Vehicle 
Identification.  ARI  technical  report  649.  Army 
Research  Institute  for  the  Behavorlal  and  Social 
Sciences,  Alexandria  VA,  September  1984  (AD-A156798) . 


35.  Grimm,  Wade  H.,  Project  Manager,  Fire  Technology 
Branch.  Telephone  Interview.  Air  Force  Engineering 
and  Services  Center,  Tyndall  AFB  FL,  August  1987. 

36.  Hanley,  Tom  V.  "CAI  in  Special  Education:  Research 
Directions,"  Peabodv  Journal  of  Education.  62:  22-39, 
(Fall  1984). 

37.  Hata,  David  M.  "The  Impact  of  Software  on  Associate 
Degree  Programs  in  Electronic  Engineering  Technology," 
Engineering  Education.  76 t  738-741  (May  1986). 

38.  Hein,  Captain  Gary,  Engineering  and  Services  Training 
Officer.  Telephone  interview.  Air  Force  Engineering 
and  Services  Center,  Tyndall  AFB  FL,  8  July  and  26 
August  1987. 

39.  Holden,  Major  Jolly  T.,  Assistant  Division  Chief  for 
Graduate  Education.  Personal  interview.  Air  Force 
Institute  of  Technology,  Wright-Patterson  APB  OH, 

20  August  1987. 

40.  Hughes  Associates,  Inc.  "Situation  Simulator  for  Fire 
Fighters:  C141."  Draft  report  to  the  Air  Force 
Engineering  and  Services  Center.  Wheaton  MD, 

January  1986. 

41.  Jay,  Timothy  B.  "Computerphobia:  What  to  do  About 
It,"  Educational  Technology. 21: 47-48  (January  1981). 

42.  Jerkins,  Trade  M.  and  Elizabeth  J.  Dankert.  "Results 
of  a  Three-Month  PLATO  Trial  in  Terms  of  Utilization 
and  Student  Attitudes,"  Educational  Technology.  21: 
44-47  (March  1981). 

43.  Johnson,  Harry  Wayne.  A  Guideline  for  the  Planning 
and  System  Reouirement  Determination  of  a  Computer 
Based  Educational  System.  MS  Thesis.  Naval 
Postgraduate  School,  Monterey  CA.  June  1983 
(AD-A133529) . 

44.  Johnson,  Marc  V.  and  Russell  T.  Osguthorpe. 
"Computer-Based  Foreign  Language  Instruction: 

Improving  Student  Attitudes,"  Educational  Technology. 
26:  24-28  (September  1986). 

45.  Johnson,  Roger  T.,  David  W.  Johnson,  and  Maty  Beth 
Stanne.  A  Comparison  of  Computer-Assisted 
Cooperative.  Competitive,  and  Individualistic 
Learning.  April  1985.  Grant  M0001484K-0009 . 
Minneapolis  MM:  University  of  Minnesota,  April  1985 
(AD-A157594). 


BIB-4 


46.  Kenner -Richardson,  Sue,  Joseph  P.  Laaos,  and  Anita  S. 
west,  computer -ASS Is ted  instruction:  Decision 
Handbook .  May  1982-Decenber  1982.  Contract  P3361581C- 
0007.  Denver  CO:  Denver  Research  Institute, 

University  of  Denver,  April  1985  (AD-A154646) . 

47.  KozM,  Robert  B.  "Present  and  Future  Cosiputer 
Courseware  Authoring  Systems,"  Bducational 
Technology.  26;  39-41  (June  1986). 

48.  Kullk,  C-L.C.,  James  A.  Kullk,  and  Barbara  J.  Schwalb. 
"The  Effectiveness  of  Coag>uter -Based  Adult  Education: 

A  Meta-Analysis,"  Journal  of  Educational  Computing 
Research.  2;  235-252  (1986). 


49.  Lampton,  Donald  R.  TRAX  11:  Coaputer-Asslsted  Platoon 
Leader  Tactical  Training.  ARI  Technical  Report  85-17. 
Army  Research  Institute  for  the  Behavorlal  and  Social 
Sciences,  Alexandria  VA,  J^ril  1985  (AD-A163176 ) . 

50.  Leiske,  Donn.  "Computers  in  the  Curriculum: 

Vocational  Education,"  Electronic  Leernino.  4:42-44 
(March  1985). 

51.  Lepper,  Mark  R.  "Microcomputers  in  Education: 
Motivation  and  Social  Issues,"  hirfriP  Psychologist. 
KL:  1-18  (January  1985). 


52. 


Lewis,  Darrell  R.,  Bruce  R.  Dalgaard,  and  Carol  M. 
Boyer.  "Cost  Effectiveness  of  Computer-Assisted 
Economics  Instruction,"  Antpican  Eeononic  Review 


21i  91-96  (May  1985). 


A 


53.  Maestro/PC.  Product  brochure.  AIMtech  Corporation, 
Nashua  MH,  undated. 


54.  Martin,  Captain  Roderick  H.,  Engineering  Systems 
Manager.  Telephone  interview.  Air  Force 
Engineering  and  Services  Center,  Tyndall  AFB  FL, 

April  1987. 

55.  Massey,  Captain  Randy  H.  "Interactive  Graphics 
Simulator  (lOS):  A  Training/Cost  Effective  Avionics 
Maintenance  Trainer,"  Proceedings  of  the  1985  Air 
Force  Conference  on  Technology  in  Training  end 
Education.  1II71-I1179.  Colorado  Springs  CO: 

U.S.  Air  Force  Academy,  1985.. 

56.  MeConville,  James  R.  "Training  Measure  of  Effective¬ 
ness  -  An  Evaluation  Metric  of  the  Media  Selection 
Process,"  Proceedings  of  the  1987  Conference  on  Tech¬ 
nology  in  Training  and  Education.  263-269.  Arlington 
VA:  American  Defense  Prepardness  Association,  1987. 


BlB-5 


57.  Mclabex,  Robert  R.  and  Julie  A.  Hovlett.  "Coaputer- 
Based  Pilot  Training  for  the  New  Generation  of 
Aircraft,”  Proceedlnoe  of  the  1985  Air  Force  Con¬ 
ference  on  Technloav  In  Gaining  and  Rducatlon.  II 
-113.  Colorado  Springs  CO:  U.8  Air  Force  Acadeay, 
1985. 


58.  Michael,  Joel  A.  and  Allen  A.  Rovlck.  "Coaputer 
Slaulated  Bxperlaente  In  the  Teaching  of  Physiology," 
Proceedings  of  the  6th  Annual  National  Bducatlonal 
Coaoutlng  Conference.  20-24.  Dayton  OH:  University 
of  Dayton,  June  1984. 

59.  Moyer,  Patrick  C.  "Bducatlonal  8oft%Mre  Developaent: 

A  Systeas  Approach,"  Proceedings  of  the  6th  Annual 
National  Rdueatlonal  r^^niiMno  Conference.  11-14. 
Dayton  OH:  University  of  Dayton,  June  1984. 

60.  Nay,  Colonel  Marshall  V.,  foraer  Dean  of  the  AFIT 
School  of  Civil  Bnglneerlng  and  Services.  Personal 
and  telephone  lntervle%m.  19-26  August  1987. 

61.  Orlansky,  Jesse  and  Joseph  String.  "The  Cost- 
Bffectlveness  of  Military  Training,"  Proceedings  of 
the  4th  Interservlce/lndustrlal  Training  Boulpaent 
Conference .  Voluae  1:  97-109.  Hashlngton:  National 
Security  Industrial  Association,  Noveaber  1982 
(AD-A122155). 

62.  Palozola,  Jla.  "Mew  Horizons  for  coapu ter -Based 
Training,"  Training.  23:  102  (January  1986). 

63.  Parker,  Janet  and  Constance  Vldaer.  "Soae  Disturbing 

Data:  Sex  Differences  In  Coaputer  Use,"  Proceedings  of 
the  6th  Annual  National  Bducatlonal  Coaoutlng 
Conference .  306-309.  Dayton  OH:  University  of 

Dayton,  June  1984. 

64.  Parry,  Jaaes  D.,  Ron  J.  Thorklldsen,  Thoaas  M.  Blery, 
and  Christine  A.  Macfarlane.  "Coaputer -Based  Instruc¬ 
tion  (CBZ):  The  Transition  froa  Research  Findings  to 
Teaching  Strategies,"  Bducatlonal  Research  Quarterly. 
UL:  30-39  (Special  Bdltlon  1985-1986). 

65.  PC/PILOT  General  Inforaatlon.  Product  Inforaatlon. 
Whshlngton  Coi^uter  Services,  Belllnghaa  HA, 

26  January  1987. 

66.  Playford,  Major  Martin,  Cuxrlculua  Developaent  (%lef. 
Telephone  Interview.  Air  Force  Bnglneerlng  and 
Services  Center,  Tyndall  AFB  FL,  21  August  1987. 


BZB-6 


67.  Rose,  Lieutenant  Theron  8.  Coanuter  Aided  Instruction 
in  Engineer ina.  M8  Thesis.  Naval  Postgraduate  School 
Monterey  CA,  March  1985  (AO-A156828) . 

68.  Schlechter,  Theodore  M.  An  Ixaaination  of  the 

Rtaaflggti  lYKlTnffo  t<n  cwttUg-BRgsd  ingtgwffttftn  tn 
Military  Training.  ARI  technical  report  722.  Aray 
Research  Institute  for  the  Behavorlal  and  Social 
Sciences,  Port  Knox  KT,  August  1986  (AD-A174817) . 

69.  Schleicher,  Gordon.  "Authoring  Systeas  Can  Save  Tlae 
in  Oevelopaent  of  CAI,"  Electronic  Learning  Review.  2; 
20,27  (Moveaber  1982). 

70.  Schroeder,  Jaaes  B.  "Overview  of  the  Developaent  and 
Testing  of  a  Low-Cost,  Part-TlM  weapon  Trainer," 
Proceedings  of  the  1987  Conference  on  Technology  In 
Training  and  Education.  201-207.  Arlington  VA: 
Aaerican  Defense  Prepardness  Association,  1987. 

71.  Shavelson,  Richard  J.  and  John  D.  Winkler.  "Can 
Zapleaentation  of  Coaputers  be  Justified  on  Cost- 
Effectiveness  Grounds?".  Rand  paper.  Rand 
Corporation,  Santa  Monica  CA,  June  1982  (AD-A122896 ) . 

72.  Sizeaore,  Mary  H.  and  Sharon  Pontious.  "CAI  Proaotes 
Nursing  Student  Mastery  of  Health  History  Taking," 
Journal  of  Coaouter -Based  Instruction^  14:  62-67 
(Spring  1987). 

73.  Staaaers,  R.B.  and  G.C.  Morrlsroe.  "Varieties  of 
Coaputer -Based  Training  and  the  Developaent  of  a 
Hybrid  Technique,"  Prograaaed  Learning  and 
Educational  Technology.  23s  204-211  (August  1986). 

74.  Stephens,  Captain  warren  D.  Success  Deterainants  for 
Air  Force  Coanuter -Assisted  Instruction.  AC8C 
research  report.  Air  Coaeuind  and  Staff  College, 
Maxwell  APB  AL,  April  1979  (AD-B041009 ) . 

75.  Stephenson,  David  T.  "Coaputer -Aided  Instruction  in 
Autoaated  Instruaentation,"  Journal  of  Educational 
Technology  Svsteas.  14:  3-14  (1985-86). 

76.  Valuk,  Robert  M.  "Tutors  on  Coaputers,"  Phi  Delta 
Kapoan.  67:  233  (Noveaber  1985). 

77.  Verano,  Captain  Miguel.  "Interactive  Video  Disc  and 
the  Coaputer,"  Proceedings  of  the  1985  Air  Perce 
Conference  on  Technology  in  Training  and  Education. 
171-180.  Colorado  Springs  CO:  Air  Force  Acadeay, 

1985. 


78.  VS  AUTHOR.  Product  brochure.  Mentor  Resources,  Inc., 
Nashua  MH,  undated. 

79.  fXang  Laboratories.  Product  brochures  for  the  Model 
280  and  380  nicrocoagiuters.  Vang  Laboratories,  Inc., 
Lo%rell  MA,  undated. 

80.  vest,  Anita  8.  "Factors  Influencing  the  Selection  of 
Indivdualized  Instructional  Approaches,"  Proceedings 
of  the  9th  SvDogla  -  Paveholoov  in  the  Departwent 

of  Defense.  425-429.  Colorado  Springs  CO:  Air  Force 
Aeaaedy,  April  1984  (AO-P003318) . 

81.  Vharton,  Leslie.  "Conputer -Aided  Legal  Instruction  at 
the  Harvard  Law  School,"  Proceedings  of  the  6th  Annual 
Mational  Sdueational  Cosmuting  Conference.  25-28. 
Dayton  OH:  University  of  Dayton,  June  1984. 

82.  Vhitnev  Interactive  Video.  Product  brochure.  Vhitney 
Bducational  Services,  San  Mateo  CA,  undated. 

83.  Vilkenson,  Tom  and  John  Chattin-McNichols.  "The 
Bf fectiveneas  of  Coaputer-Assisted  Instruction  for 
Police  Officers,"  Journal  of  Police  8cience_and  Admin¬ 
istration^.  13:  230-235  (Spring  1985). 


BZB-8 


Captain  Richard  A.  Fryer  was  born  on  6  April  1956  in 
Banbury,  United  Kingdom.  He  graduated  from  high  school  in 
Bedford,  Massachusetts,  in  1974  and  attended  the  University 
of  Massachusetts,  Amherst,  from  which  he  received  the 
degree  of  Bachelor  of  Science  in  Mechanical  Engineering  in 
May  1979.  Upon  graduation,  he  received  a  commission  in  the 
USAP  through  the  ROTC  program.  At  his  first  assignment,  he 
served  as  a  design  engineer  and  readiness  and  logistics 
chief  in  the  23rd  Civil  Engineering  Squadron,  England  APB, 
Louisiana.  He  then  served  as  the  energy  conservation 
officer  and  readiness  and  logistics  chief  in  the  8th  Civil 
Engineering  Squadron,  Kunsan  AB,  Korea.  At  his  last 
assignment,  he  served  as  the  energy  conservation  officer, 
housing  officer,  readiness  chief,  logistics  chief,  and 
requirements  chief  in  the  3245th  Civil  Engineering  Squad¬ 
ron,  Hanscom  APB,  Massachusetts.  He  entered  the  School  of 
Systems  and  Logistics,  Air  Force  Institute  of  Technology, 
in  May  1966. 


Permanant  address:  237  Davis  Rd. 


Bedford,  MA  01730 


UNCLASSIFIED 


/J/9- /^  /6  y 


REPORT  DOCUMENTATION  PAGE 


fonnA0piw9d 
OD/mm.  070*-oi9» 


t«.  REPOMT  SECURITY  CLASSIFICATION 

unclassified 


2a.  SECURITY  CLASSIFICATION  AUTHORITY 


2b.  OECLASSIFICADON/ DOWNGRADING  SCHEDULE 


4.  PERFORMING  ORGANIZADON  REPORT  NUMEER(S) 

AFIT/GEM/LSM/a 7S-7 


Sa.  NAME  OF  PERFORMING  ORGANIZATION 

School  of  Systems  and 

Logistics 


Ec  ADDRESS  (GW.  State,  and  Z/PCodb) 

Air  Force  institute  of  Technology  (AU) 

Wrlght-Patterson  AFB^  OHih  45433-6583 


lb.  RESTRICTIVE  MARKINGS 


3.  DiSTRlIUTION /AVAILABILITY  OF  REPORT 

Approved  for  public  release; 
distribution  unlimited. 


S.  MONITORING  ORGANIZATION  REPORT  NUMBERCS) 


7a.  NAME  OF  MONITORING  ORGANIZATION 


7b.  ADDRESS  (Cty,  State,  and  ZIP  Code) 


Ba.  NAME  OF  FUNDING /SPONSORING 
ORGANIZATION 


I 


ADDRESS  (Gty,  State,  and  ZIPCode) 


8b.  OFFICE  SYMBOL  I  9.  PROCUREMENT  INSTRUMENT  IDENTIFICATION  NUMBER 

(It  aflpMaMa)  I 


10.  SOURCE  OF  FUNDING  NUMBERS 


PROGRAM 
ELEMENT  NO. 


PROJECT 

NO. 


11.  TrrLE  (lndud»  Stturttjf  Oauitkaittonl 

COMPUTER-ASSISTED  INSTRUCTION  AND  ITS  APPLICATION  TO  AIR  FORCE  CIVIL  ENGINEERING 
_  (UNCLASSIFIED) 


12.  personal  AUTH0R(S) 

Richard  A.  Fryer,  B.S.,  Captain,  USAF 


13b.  TIME  COVERED 
FROM _  TO 


■  i  q^e 


^  REPORT  (Year.MontfvOayj  IIS.  PAGE  COUNT 

1987  September  I  115 


If.  supplementary  NOTATION 


FIELD 


05 


IB.  SUBJECT  TERMS  (CanMniie  on  rtvene  if  necenary  and  Idendiy  By  btocR  numbtr) 
GROUP  I  SUBGROUP  I  Computer  Applications,  Computer  Aided  Instruction 


Military  Training,  Air  Force  Training 


19.  abstract  (Condmie  on  reverie  If  necemanr  and  Idbndiy  By  blecR  nmnbew  ^ 

Thesis  Chalramn:  James  D.  Meadows,  Civ  *  ' 

Associate  Professor  of  Logistics  Management 


Srf  haadbito  »!•-«  .m  tm^. 

IM  ••  '  B*T«leean 


tut  ric9  ‘  \  '!’• 


OOMrmUTl.  JUN  M 


21.  ABSTRACT  SECURITY  CLASSIFICATION 

UNCLASSIFIED 


22c.  OFFICE  SYMBOL 


Prevlow  edNUenf  are  oBMlafe. 


UNCLASSIFIED 


UMCIASSIFIED 


This  invsstigstion  rsvisiMd  lltsratazs  froa  a  variaty 
of  soareas  partaialng  to  eoaipatar -ass  Is  tad  instruction  (CAX) 
foz  two  pozposas.  Tha  first  purposa  was  to  coaq^ila  inform- 
tioa  about  CM  into  a  slngla  condansad  sourea  for  usa  by  Air 
Forea  Civil  Inginaaring  adueational  prograaaars  and  aana- 
gars.  Tha  saeond  purposa  was  to  axaaina  and  prasant 
informtion  paztinant  to  tha  application  of  CM  to  Air  Forca 
Civil  Inginaaring. 

Tha  first  saction  introducad  such  subjects  araas  as  CAX 
tarainology^  definitions,  instructional  aathodology  choice 
considerations,  eoursawara  davalopaant,  CM  dal  ivory  rnchan- 
ics,  and  CM  applications. 

Tha  naxt  saction  eovarad  idiat  tha  literature  indicates 
about  tha  educational  ia^act  of  CAX.  Tha  litaratura  states 
that  CM  results  in  student  achiavaaant  at  least  agual  to 
that  of  traditional  instruction.  Moreover,  instructional 
tisM  has  bean  widely  reported  to  be  decreased  by  tha  usa  of 
CM,  although  soaa  experts  feel  this  is  nostly  a  result  of 
tha  individualised  instructional  anvironaant  which  CM 
offers  students.  With  regard  td  tha  cost  affactlvanass  of 
CM,  tha  litaratura  contains  few  good  cost  analyses  froa 
tdiich  conclusions  can  be  drawn. 

Tha  final  section  eovarad  tha  applications  of  CM  to 
Mr  Forea  Civil  Inginaaring  instructional  raquiraaonts. 
Actual  zapertad  CM  applications  siailar  to  Civil  Inginaar¬ 
ing  instructional  raguiraaonts  ware  presented.  Such  appli¬ 
cations  include  aquipaent  aianlators  for  training  purposes 
and  tutorials  with  drill  and  practice  for  engineering  funda- 
aantals  review.  Additionally,  a  aodal  of  tha  decision 
process  to  adopt  CAX  as  an  instructional  aathodology  ms 
foraulatad.  This  aodal  provides,  in  a  broad  sense,  a  guide 
to  dataraina  if  CM  is  tha  bast  instructional  aathod  to  aaat 
given  instructional  zaquiraasnts.  Finally,  a  coaparison  was 
aada  of  tha  hardware  and  software  alternatives  presently 
available  to  tha  Civil  Inginaaring  lesson  developer  or 
prograaaer . 


UNCIASSIFIED 


E  Nil) 

fl[N\ED 

pfB. 


